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KNOWLEDGE AND 
RESPONSIBILITY 


HE anxiety and alarm which were aroused in 

the general community by the first reports of 
the effects of the explosion of the hydrogen bomb 
in the Marshall Islands on March 1, particularly on 
account of the contamination reported to have 
occurred outside the supposed danger-zone and of 
errors in meteorological prediction and miscalcula- 
tions of the violence of the explosions, have now 
somewhat subsided. The Prime Minister, following 
the reassuring comments made by Prof. M. L. 
Oliphant and Prof. O. R. Frisch, has refuted the 
idea that the scientists were unable to set limits to 
the explosive power of the bombs they were testing. 
In that sense the explosions were not ‘incalculable’ 
and the limits of the danger, though wide, are clearly 
set. 

Nevertheless, in spite of such clear explanatory 
articles as that of Prof. Frisch in ihe Atomic Scientists 
Journal, and Mr. Strauss’s state nt on the tests on 
March 31, the question has bee:.. »»/sed in responsible 
quarters as to whether it is wise to proceed with 
such tests. The question was first raised in the belief 
that it was possible that the consequences of such 
explosions could no longer be predicted, and the 
suggestion implied that the decision to discontinue 
such tests was one for scientists themselves to take. 
It has further been questioned whether such tests 
are not merely unwise from a scientific point of view 
but also even strategically necessary. It has been 
suggested that atomic weapons may provide adequate 
deterrents just as effective as the hydrogen bomb 
and possibly more economical. 

Such suggestions have tended to encourage a 
popular belief that the scientist carries a much 
larger share of responsibility than can fairly be 
attributed to him, and this view is also fostered by 
the way in which the general issue of the scientist’s 
power over Nature is presented, for example, in Mr. 
Charles Morgan’s ““‘The Burning Glass’ (Macmillan 
and Co., Ltd., 9s. 6d.). There have always been 
people who are ready to call a halt to scientific and 
technological advance. When Mr. Morgan writes in 
the introductory essay to his play, “History moves 
in phases; the power-phase may be drawing to its 
close ; there may be a halt for many centuries in all 
but the minor developments of technology”, he is 
expressing a hope which is evidently shared by many 
men and women and also by the central character 
of his play—Christopher Terriford—whom he de- 
scribes as “not the only man of science with the 
wisdom to desire it’’. 

Much to be found in Dr. Lewis Mumford’s writings 
outstrips the imagination of power as a self-vindicat- 
ing end ; but this is not to accept the thesis that the 
scientist should abandon his quest for formidable 
sources of power, or at least should not disclose them 
to his fellow-men. To do so is in fact to accept a 
responsibility which belongs to the community and 
not to any one section of it, and the great value 
of this essay of Mr. Morgan’s is that, dealing with 








238 


power over Nature in general terms, it throws a good 
deal of light on the real issues involved in the use of 
the scientist or technologist in the service of the State. 

The central theme of the play is the right of the 
scientist to withhold knowledge and whether there 
are not inexorable limits to the mind of man. Mr. 
Morgan believes that there are such limits, and that 
we should deliberately limit our powers over Nature, 
because the development of that power has reached 
a@ stage which implies a subversion of the natural 
order. In the belief that this subversion is devilish 
and that the limitation of power is the only way of 
restoring balance and sanity to life, Mr. Morgan 
portrays a scientist in whom the tradition of scientific 
research, with its presupposed community of know- 
ledge to which his results are freely contributed, is 
in conflict with his impulse to conceal a discovery 
on which he has stumbled by one of those intuitive 
and inexplicable leaps of mind of the creative worker, 
because of its devastating consequences if put to 
military use. 

In his introductory essay, “Power over Nature”, 
Mr. Morgan discusses this conflict in Christopher 
Terriford’s mind and some—but not all—of its im- 
plications for the world in the context of atomic 
power. The dilemma as portrayed here is one with 
which flashes of intuition might confront the creative 
worker in many fields of knowledge ; but what comes 
out only imperfectly in the play is that the dilemma 
is false. The choice to withhold or communicate 
knowledge, and also the decision as to what action 
should be taken on it, is not one for the scientist 
as such. It is one for the community which has set 
him to work, and ultimately, in a democratic commun- 
ity, for the government which that community has 
put into power. 

Nearly five generations ago, Tredgold defined the 
profession of civil engineer as “the art of directing 
the great sources of power in Nature for the use and 
convenience of man”. We might, to-day, fairly 
speak of science, though Tredgold used the word ‘art’ 
in the sense in which it is used in the title of the 
Royal Society of Arts, implying the use of imagina- 
tion and experience as well as technique. Mr. Morgan 
ean fittingly write of power over Nature; but 
Tredgold’s definition still gives the better clue to the 
heart of the problem. The task of the scientist or 
technologist is to place at the service of the com- 
munity the resources it needs, and to show how best 
they can be used. He has the responsibility of warn- 
ing the community of the dangers that may attend 
the misuse of such knowledge and the failure to use 
it with due safeguards. The decision whether or not 
to use that knowledge in a particular way or for a 
specific purpose is one which he shares with the 
community as a whole. 

In that sense, accordingly, the problem for the 
scientist or technologist is one not of power but of 
influence. His responsibility is not for the use made 
of the knowledge he places at the disposal of society, 
but to see that his influence is most effectively 
exercised—to see that the consequences of using or 
abusing that knowledge are clearly and fully under- 
stood. Divesting himself of the power he is so often 
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in error supposed to possess, he has to see that his 
fellow-citizens appreciate the implications of the power 
at their disposal, and to help them to make the intel. 
lectual effort required for its control and wise use. 

The hydrogen bomb, in fact, involves no fresh 
responsibility for the scientist as such, least of al] 
any new moral dilemma; and once these false ideas 
are cleared out of the mind of the scientist himself 
and of the society in which he lives, there will be 
the less risk either of an anti-scientific attitude on 
the part of the public or of the scientist being 
charged with a responsibility which he only shares 
with the whole community. As the Archbishop of 
York said to the British Association at Liverpool, men 
of science “have an influence over contemporary 
thought and action which is possessed by no other 
class of men. . . . They must educate their fellow. 
countrymen to use rightly the inventions they have 
given them, and must make plain the terrifying results 
which may follow their wrong use’’. 

Beyond that the scientist has no right to go. He 
is not entitled, on his own responsibility, to withhold 
knowledge from the community he serves any more 
than, as Dr. J. Bronowski pointed out in « recent 
broadcast, he is entitled to dictate to the nation 
about his own discoveries. He must be content to 
use his influence to guide his fellow-citizens to wise 
decisions ; but he cannot impose these decisions. In 
return he can ask, in a free society, that he shall 
himself be free to follow his own conscience and that 
society shall not dictate his life to him. He is entitled 
to urge on society the conditions in which effective 
scientific work is possible and to direct attention to 
the consequences which may attend restraints on the 
freedom of scientific investigation and intercourse. 

The real challenge of the hydrogen bomb to the 
scientist is to consider even more carefully how best 
scientific thought can be put at the service of the 
community. If the community is to make the 
intellectual effort required in the shaping of its 
institutions to meet the requirements of an age in 
which technological advance has made so many of 
its political divisions irrational and obsolete, the man 
of science has a large part to play. He has to face in 
the first place the problem of the effective communica- 
tion of knowledge and ideas, so that the leaders of the 
community can reach sound decisions based on clear 
appreciation of all the relevant factors, and so that 
the community is prepared to accept whatever de- 
mands these decisions may involve. This means 
much more than questions of the presentation of his 
own ideas and findings. It involves questions of 
education and of public understanding, so that the 
issue is seen not as one of science letting natural forces 
get out of hand, but of man’s self-control and his 











use of forces able to destroy him and his works. 

For the scientist to take his place in that work, 
freedom of communication is vital. The scientist 
who has worked on guided missiles or atomic weapons 
is, as Dr. Bronowski rightly reminded us, seldom free 
to speak as he would like, and this silence is a loss 
to the community. Security considerations may 
reasonably prevent the public discussion of technical 
details ; but once such restrictions operate beyond 















Se oe ee mm =a he ae & ah ahkoe Gis ot 2 O62 wee 8 oo tee Co lee ee COU lee Ck ce 





74 


at his 
power 
intel- 


ise. 

fresh 
of all 
ideas 
imself 
ill be 
de on 
being 
shares 
op of 
, men 
orary 
other 
sllow- 
have 
esults 


. He 
hhold 
more 
"ecent 
1ation 
nt to 
) wise 
s. In 
shall 
1 that 
titled 
ective 
on to 
mn. the 
ourse. 
© the 
y best 
of the 
e the 
of its 
we in 
ny of 
> man 
ace in 
anica- 
of the 
clear 
» that 
or de- 
neans 
of his 
ns of 
xt the 
forces 
id_his 
9 
work, 
entist 
apons 
n free 
a loss 
may 
hnical 
syond 





No. 4423 August yA 1954 


the narrowest of such limits, they do more than 
impede the exchange of ideas and the advance of 
science and technology: they endanger national 
security itself. Once the scientist comes to be silent, 
to experiment or inquire only along orthodox lines, 
science itself will atrophy and at last fail the nation 
in which it is thus pursued. Without freedom for 
science, and by attempting to silence or intimidate 
original and creative minds, in the end we forfeit 
security itself. 

Here, too, the scientist has a duty to speak, and 
what is required of him in this perplexed and anxious 
world to-day is not that he should refrain from 
pursuing his investigations and from seeking to extend 
the boundaries of knowledge, or that he should pre- 
occupy himself with moral issues that are the re- 
sponsibility of the whole community of nations. His 
immediate responsibility is rather with the way in 
which he can most speedily and effeetively clarify 
public thinking about the scientific and technical 
aspects of the situation, and facilitate an under- 
standing of the far-reaching military, economic and 
political decisions which are now imperative. He will 
be conscious that what he has to say as a scientist 
represents only one factor in a complex situation, 
and that this has to be compared with, and adjusted 
to, information from other fields, and evaluated with 
it in the formulation of policy. But it is important 
that the scientist and technologist should, through 
their professional associations, address themselves to 
this question of improving the means by which the 
technical or scientific expert makes his contribution 
to the formulation of policy and the task of govern- 
ment generally. The task of education to be under- 
taken must include that of the leaders of the com- 
munity as well as of the general public. Above all, 
the extent to which the influence of the scientist is 
brought to bear on the formation of policy or the 
re-shaping of institutions will depend on the willing- 
ness of the individual scientist to attempt the prosaic 
task of improving the channels of communication. 
Much will depend upon the effectiveness and clarity 
with which he presents and interprets his results and 
ideas to the community, and the fidelity and courage 
with which he and his professional institutions defend 
the freedom of science, not simply for the advance- 
ment of science itself but also as an essential element 
in the preservation of a free society. 


LIFE OF THOMAS YOUNG 


Thomas Young 

Natural Philosopher 1773-1829. By the late Dr. 
Alexander Wood; Completed by Frank Oldham. 
With a Memoir of Alexander Wood by Prof. Charles 
E. Raven. Pp. xx+355+4 plates. (Cambridge: At 
the University Press, 1954.) 30s. net. 


F the subject of this book did not make it im- 
mediately attractive, the authors’ names would 
be sufficient recommendation in themselves. The 
late Alex Wood gathered material for it over more 
than forty years and completed ten chapters and 
notes on two more. It has been finished and seen 
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through the press by Frank Oldham, whose mono- 
graph, “Thomas Young, F.R.S., Philosopher and 
Physician’ (London: Edward Arnold and Co., 
1933), has, until now, been the standard authority. 

In assessing the life and work of Thomas Young, 
the modern reader is torn between conflicting aspects 
of the man. If he had been always right we could 
unreservedly admire the precocious youth who gulped 
all knowledge of natural philosophy and of classical, 
European and oriental languages with full Quaker 
diligence and lack of conceit. We should have 
unstinted admiration for his mature work as a 
founder of the wave theory of light and for his 
solution of the hieroglyphic riddles of the Rosetta 
Stone, for his explanation of the mechanism of the 
human eye and for his numerous learned writings on 
medicine, physics and philology. 

On the other hand, had he been less successful, we 
might condemn him as a quarrelsome man, ponderous 
and obscure in speech and in writing. His wide range 
of apparently unrelated interests might cause us to 
regard him as a butterfly mind rather than as a 
universal genius, and in his chosen career of medicine 
he was a failure in spite of much favourable oppor- 
tunity. 

Like most men, however, Young was neither 
wholly right nor wholly wrong. He was sufficiently 
right for most of his work to have stood the test of 
time and to be recognized now as a brilliant series of 
key contributions to the many fields which he studied. 
Unfortunately, he was also sufficiently wrong, par- 
ticularly in his personal relations with other men of 
science, so as to be caught in the vicious web of 
priority claims and counter-claims which formed 
such a seamy side to the development of science in 
his period. The new material collected by Dr. Wood 
and Mr. Oldham does much to clarify Young's 
position and place him in a more favourable light. 

It is very fitting that this book, which occupied so 
much of the leisure of Alex Wood’s last years, should 
contain a sympathetic and eloquent memoir of him 
by Canon C. E. Raven. It will be appreciated by all 
those Cambridge men who owe so much to his great 
personality and teachings, and by all those who have 
found pleasure and profit in his writings. 

DEREK J. PRICE 


SCINTILLATION COUNTERS 


Luminescence and the Scintillation Counter 
By Dr. 8. C. Curran. Pp. x +219. (London: Butter- 
worths Scientific Publications, 1953.) 32s. 6d. 


HE development of methods of scintillation 

counting has advanced at an almost prodigious 
pace since Kallmann’s first paper became known to a 
larger public in 1947. Superior in many respects to 
the older particle detectors and immensely flexible, 
the scintillation counter has found a steadily growing 
range of applications, and to-day it is firmly estab- 
lished as an indispensable tool in medicine and 
industry as well as in physics. Dr. S. C. Curran— 
himself a pioneer in this field whose unpublished work 
antedates that of Kallmann—has now written a little 
volume in answer to the widespread need for a 
comprehensive guide to the subject. 

Well illustrated throughout its twelve chapters by 
instructive diagrams, the book is centred around a 
description of the basic mechanisms operating in a 
scintillation counter: the interaction of radiations 
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and particles with matter, the luminescence process, 
photoelectricity and secondary emission. From there 
it proceeds to more technical items, such as the per- 
formance of commercial photomultipliers, the pro- 
perties of scintillating materials and the preparation 
of crystals. The last chapters contain a survey of 
representative applications, including the direct 
counting of particles with open multipliers, and a 
brief discussion of various problems concerning the 
associated electronic circuits. Future developments 
and still unexplored possibilities are hinted at in 
many instances. 

The author was certainly confronted with a thorny 
task in trying to bring order and proportion into this 
multitude of different topics. He has not shirked the 
countless obstacles on his way, but sometimes has 
not quite succeeded in surmounting them ; his choice 
of emphasis or perspective is often unconvincing, and 
the great compression of material has led to a high 
stylistic density which makes the book difficult to 
read. That the two chapters on luminescence should 
be the weakest part of the whole can scarcely invite 
criticism, for it seems well-nigh impossible to give an 
adequate survey of so intricate and controversial a sub- 
ject in merely forty pages. But—to touch only a few 
points—there is no need to digress on the ray-tracing 
methods of electron optics if afterwards no example 
is discussed of actual electron trajectories in one of 
the more common multiplier types; it confuses a 
delicate issue if the statistical fluctuations in the height 
of scintillation pulses are treated in connexion with 
the signal-to-noise ratio pertinent to cinema and tele- 
vision work ; and in the section on crystal-growing, 
the sulphides and tungstates, with their attractive 
properties, would have deserved more than a few 
scant remarks. The inquisitive reader could have 
been helped here or there by the inclusion of references 
to suitable review articles, but several of the most 
competent ones are not mentioned. 

Despite these shortcomings, the book will be most 
welcome as an introductory guide to prospective users 
of the scintillation counter, and as a handy manual to 
many research workers, bringing together, as it does, 
for the first time all the multifarious aspects of an 
exceedingly complex device. 

Ernst BREITENBERGER 


MODERN PHYSICS FOR DEGREE 
STUDENTS 


An Introduction to Thermodynamics, the Kinetic 

Theory of Gases, and Statistical Mechanics 
By Prof. Francis Weston Sears. Second edition. 
(Principles of Physics Series.) Pp. x+374. (Cam- 
bridge, Mass.: Addison-Wesley Publishing Company, 
Inc., 1953.) 7.50 dollars. 

HIS text-book, written by the professor of physics 

at the Massachusetts Institute of Technology, 
constitutes one of the volumes of the “Principles of 
Physics Series”. It is so eminently readable, however, 
that it will appeal not only to the physics student but 
equally to the engineering student who wishes to 
extend his reading beyond the limits of most en- 
gineering texts on thermodynamics. 

The book brings together, at degree level, the 
fundamental principles of thermodynamics, kinetic 
theory and statistical mechanics. The first half deals 
with classical thermodynamics. An introductory 
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chapter is followed by a discussion of the equation of 
state and p-v-7' surfaces of ideal and real gases. ‘he 
sections on the first and second laws of thermo. 
dynamics, and their consequences, are separated by 
a chapter on changes of phase, in which the forms of 
the p-v-T surfaces for real substances are presented 
in a number of excellent three-dimensional diagrains, 
These are a particular feature of the book. In a 
chapter on the combined first and second laws, the 
engineer will find a very lucid treatment of the 
difference between the ice point and the triple point 
of water, but will not agree with the statement that 
his steam tables are based on the former as the 
datum state point. A very brief chapter on some 
engineering applications of thermodynamics con. 
cludes this first section. 

The second half of the book is devoted about 
equally to sections on kinetic theory and statistical 
mechanics. In the first of these, the derivation of the 
equation of state of an ideal gas, and a brief discussion 
of the Clausius and van der Waals equations of state, 
are followed by the determination of the Maxwell 
distribution function, and a chapter on the transport 
phenomena of viscosity, thermal conductivity and 
diffusion. 

The concluding section follows the historical order 
in the presentation of statistical mechanics, dealing 
first with the application of the Maxwell—Boltzmann 
statistics to gases, with a paragraph on the specific 
heat capacity of solids, followed by a section on the 
elementary theory of a paramagnetic gas. 

In the section on quantum statistics, the Bose- 
Einstein distribution function is derived, but is applied 
only to the two special cases of an ordinary gas and a 
photon gas, to show that the former application leads 
again to the Maxwell—Boltzmann distribution function, 
and the latter gives the Planck distribution of energy 
density of radiation with frequency. The Fermi-—Dirac 
statistics for an electron gas are then discussed, but 
are applied quantitatively only to the conditions at 
absolute zero of temperature, with a statement of the 
results obtained at temperatures other than this. A 
final chapter deals with the theory of fluctuations, and 
its applications to the scattering of light, to Brownian 
motion and to background noise in amplifiers. 

The limitation of the application of statistical 
mechanics to the simpler cases results in an excep- 
tionally readable introduction to a difficult subject, 
in which the physical implications of the mathematical 
manipulations are always clearly brought out. At 
the end of each chapter is a selection of problems with 
the answers provided. The mxs system of units is 
used throughout. The book is well produced, and 
suffers only from a number of minor misprints. 

R. W. Haywoop 


AMERICAN SCIENCE WRITING 


Scientific American Reader 
Pp. xiv+626. (New York: 
1953.) 6 dollars. 
OW in its 108th year, the journal Scientific 
American was taken over five years ago by 4 
small group of science journalists who were committed 
to the belief that there is a growing interest in clear 
and exact reporting of contemporary scientific events. 
Their skill, energy and enthusiasm has led to success, 
and to-day the journal has a circulation in excess of 
125,000. 


Simon and Schuster, 
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To extend their field of readers, the editors have 
selected some of the articles from their journal 
which are of particular interest and put them together 
in book form. These articles have been grouped into 
twelve ‘chapters’ and include accounts of recent 
investigations in astronomy, geophysics, atomic 
physics, natural evolution, genetics, the nature of 
viruses, neuro-humoral activities, animal behaviour, 
the origin of man, neurology, cybernetics and the 
basis of sensation and perception. 

In the main the quality of the book is remarkably 

. The editors deserve tribute for the catholicity 
of their selection, while most of the writers have 
earned praise for their clarity of presentation. Since 
this book is intended to provide a survey of con- 
temporary events in the world of science for the 
general reader, however, it is surprising to find no 
reference to recent developments in chemotherapy or 
electronics. General readers would also have wel- 
comed reference to the latest discoveries in artificial 
fibres which are already doing so much to change the 
habits of Western man and woman. Even more 
remarkable is the complete omission of information 
about those new combinations of metals which are 
enabling man to build aircraft and other machines 
which were but dreams some twenty years ago. (It 
is indeed surprising how so many writers of popular 
science seem to forget the science of metallurgy, with 
its overwhelming impact on everyday life. Why?) 

In an American book consisting of articles designed 
mainly for American readers, it is not unexpected that 
most of the reporting refers mainly to work done 
by American men of science. An opportunity for 
popularizing the international character of science 
may have been lost, however, by the glaring omissions 
of work being done in other continents. This is all 
the more peculiar, since many of the American writers 
of this book began their lives and studies in European 
and other countries. 

Among the outstanding features of a well-written 
book is a lucid chapter on galaxies in flight by 
Prof. George Gamow ; @ good essay on the military 
and political implications of the use of the hydrogen 
bomb by Prof. Hans Bethe; a splendid account of 
recent researches in geological science by Walter 
Bucher; and a remarkably clear exposition of the 
meaning of pain by Prof. W. K. Livingston. A descrip- 
tion of experiments in perception by two psycho- 
logists is a good example of how science should not be 
presented to the general reader. The book contains 
some useful diagrams with valuable explanatory texts. 

T. H. Hawkins 


CHEMISTRY OF HETEROCYCLIC 
COMPOUNDS 


Condensed Pyridazine and Pyrazine Rings 
(Cinnolines, Phthalazines, and Quinoxalines). By 
J.C. E. Simpson ; pp. xvi+394; 12.50 dollars. 


Imidazole and its Derivatives 
Part 1. By Prof. Klaus Hofmann; pp. xviii+448 ; 
13.50 dollars. 

The Chemistry of Heterocyclic Compounds : a Series 
of Monographs. (New York : Interscience Publishers, 
Inc.; London: Interscience Publishers, Ltd., 1953.) 


T can searcely be doubted that progress in hetero- 
cyclic chemistry has been hampered by the lack 
of a comprehensive literature. Defined problems 
invite and inspire solution; but knowledge, when 
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dispersed or in disarray, conceals its own gaps. The 
Weissberger series of monographs supplies one 
means by which the need may be met, and the two 
volumes here reviewed are respectively the fifth and 
sixth members of that series. Although in different 
ways, these volumes commemorate the work of two 
English chemists: for Dr. J. C. E. Simpson’s authori- 
tative writing on the chemistry of cinnolines perpetu- 
ates the inspiration he brought to the subject before 
his untimely death ; and Prof. K. Hofmann’s book 
is most fittingly dedicated to F. L. Pyman. 

The book by Dr. Simpson is in three sections which 
correspond to the three types of heterocycle named in 
the title and include chapters both on the reduced 
systems and on more highly condensed, polycyclic 
systems. Each chapter deals with a sub-group of 
related compounds and is complete with a critical 
account of preparative methods, general properties 
and reactions, and a tabulated description of individual 
compounds, all fully documented. The chemistry of 
cinnolines and phthalazines is exhaustively covered 
up to the year 1949. The section on quinoxalines, 
however, although the largest in the book, omits 
references which are prior to 1917: for these the 
reader is referred to the review in Meyer—Jacobson’s 
“Lehrbuch”. This omission does not detract from 
the intelligibility of the section. Indeed, the whole 
book is characterized by a lucid and fluent exposition 
which succeeds in revealing both the chemical interest 
of the compounds and the gaps in our knowledge 
concerning them. 

The volume on imidazoles (glyoxalines) has two 
sections, of which the first (pp. 3-324) is the main 
text of the book and is devoted to a review of funda- 
mental imidazole chemistry. This is an excellent 
piece of work. It begins with a résumé of the evidence 
leading to the current concept of imidazole as a 
prototropic, highly associated and aromatic struc- 
ture. There follows, class by class, a critical discussion 
of synthetic methods, and chemical reactions of 
imidazoles, imidazolines and their derivatives. This 
is continued for imidazolidines as far as 2-imidazoli- 
dones and the corresponding thiones and imides, but 
at this stage there is an abrupt, unheralded transition 
to an excellent and comprehensive account of benzimi- 
dazoles. Compounds such as hydantoins are thereby 
omitted and, however expedient this may be, one 
regrets the break in continuity and unity. It is pre- 
sumably in accordance with the policy expressed in 
earlier monographs of the series that imidazole 
alkaloids are also omitted. These comments do not 
detract from the value of the material presented. The 
treatment is sufficiently detailed to reward even the 
specialist, and yet it maintains a highly readable 
quality that must commend it to all organic chemists. 
References are assembled at the end of each chapter, 
and some of them relate to work published in 1952. 
The second section is a catalogue—comprising names, 
melting points, melting points of some derivatives 
and literature references—of all compounds which 
fall within the same scope and are found in the 
literature during the period 1919-50. It is thus in its 
way & supplement to Beilstein’s “Handbuch”. 

Both volumes are well produced, adequately illus- 
trated by clear structural formule and _ helpfully 
equipped with subject indexes. In certain places 
the second volume would benefit, through a less-en- 
cumbered text, had superscript numerals been used 
for references as in the other volume. But this is a 
small point amid so much that is commendable and 
welcome. James D. Loupon 
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HE Library of the Royal Institution is known 

to many mainly as the place where the audience 
at the Friday Evening Discourses gathers before the 
lecture to meet friends and to look at the exhibits of 
scientific and general interest. But the Library has 
@ story of its own, which has not been told before in 
consecutive form. 

The first mention of the Institution’s Library 
occurs in the Managers’ minutes of April 20, 1799, 
about six weeks after the original meeting at which 
the Institution was formed, when it was reported 
that Sir John Coxe Hippisley, one of the original 
Managers, presented “A Voyage round the Medi- 
terranean”’ by Lord Sandwich, and that Thomas 
Bernard, who, after Rumford, played the foremost 
and most active part in founding the Institution, 
presented “A View of Nature’, by Richard Joseph 
Sulivan, a work in six volumes. Other gifts followed 
immediately. 

In June 1799 the house in Albemarle Street, 
formerly the property of a Mr. Mellish, was acquired 
at what proved to be a bargain price, and for the 
next four years the Library continued to grow by 
means of many generous gifts and by purchases made 
under the orders of the Managers. The story of these 
early years can be traced from the Minute Books and 
from early reports on the state of the Institution 
written by Count Rumford and published in the 
first volume of the Journals of the Royal Institution. 
The Library in those days was situated on the 
ground floor, and consisted of a conversation room 
and two reading rooms. In the conversation room, 
‘Proprietors’ and ‘Subscribers’ (the terms used for 
the members) could obtain at the most reasonable 
prices, according to one of Rumford’s reports, soups 
of various kinds—doubtless Rumford’s soups—tea, 
coffee, chocolate and other refreshments. ‘“The 
Reading Room,” Rumford said, “is spacious and 
airy . . . and as it is furnished with double windows 
and thin white window blinds, it is uncommonly 
quiet and pleasant though it is situated on the 
ground floor and near the street. The carriages 
which pass are scarcely heard through the double 
windows; and as the blinds prevent it being over- 
looked from without, it has an air of stillness and 
retirement which is very striking, and very pleasant 
to those who frequent it.” 

The room that is now known as the Main Library, 
on the first floor, was originally used as a lecture 
room, until the theatre was built in 1801, when plans 
were made for turning this room into a “Library 
and Collection of Reference”. Rumford left the 
Institution in April 1802, however, and with his 
departure the making of new plans slowed down and 
the Managers rather halted to take breath and 
collect their thoughts for the future. 

Besides the gifts which were being added to the 
Library, Rumford made arrangements for the regular 
receipt of foreign scientific journals and books of 
importance. The receipt of these foreign publications 
was quite an achievement at that time, because 


* Substance of a talk given before a meeting of the Library Circle 
at the Royal Institution on March 3. 
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Britain was then heavily engaged in the Napoleonic 
Wars, and Rumford boasted in one of his reports in 
1801 that “‘so effectual are the measures that have 
been taken for procuring all new foreign scientific 
books without delay, that they frequently come to 
the Institution, from the continent, while they are 
yet wet from the press’’. 

Davy arrived in March 1801 and Thomas Young 
a few months later. Garnett, the first professor, had 
fallen foul of Rumford, and left in 1801. Young, on 
his arrival, immediately started to take an interest 
in the Library, and the minutes report several times 
that he recommended the Managers to purchase 
certain books and journals for the Library. He made 
good use of it for reference purposes, and the well- 
known engraving “Eminent men of science in the 
Library of the Royal Institution in 1807-8” indicates 
some of the other famous men who must have come 
here to use the books. 

The Library was now beginning to prove its worth, 
judging by what Thomas Bernard, the first treasurer, 
said about it in a glowing report to the Committee of 
Visitors in 1803 on the present state and progress of 
the Institution : ““The Library and proposed collection 
of books of reference will form a library establish- 
ment honourable to the British nation, favourable to 
science, advantageous to the pursuits of scientific 
men, and very conducive to the increase of the funds 
and of the utility, prosperity, and permanency of 
the Institution’. In 1803 a scheme was started for 
the formation of an additional library of reference 
for scientific men. This library of reference was to 
be housed in what is now the Main Library on the 
first floor. The plan was to open a subscription list, 
and everybody who contributed more than £100 
would become a hereditary patron; those who sub- 
scribed between £50 and £100 would be patrons for 
life; and subscribers of lesser sums, whose sub- 
scriptions together came to £100 or more, could 
appoint out of their number one patron for life. 
The application of these subscriptions in providing 
and fitting up the Library was to be in the hands of 
the patrons, who were also to make their own rules, 
to appoint their own president, treasurer, secretary 
and committees to conduct their business. This 
plan, whereby the upper library became a separate 
department within the Institution, was later to 
prove unworkable; but it did achieve immediate 
success at first. Many famous men became patrons 
of the Library, nearly £3,800 was subscribed within 
@ month, and nearly £5,400 within three years—a 
goodly sum in those days for starting a library. 

With this money many valuable books were pur- 
chased, and their selection was made with great. skill 
and knowledge, probably under the direction of Earl 
Spencer, the chief patron. The largest purchase was 
made in 1804, when the entire library of printed 
books of the late Thomas Astle, the well-known 
antiquary and Keeper of the Records in the Tower, 
was bought for a thousand guineas. This library, 
which now came into the Institution’s possession, 
contained, I believe, more than two thousand 
volumes which had mainly been collected by Astle’s 
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father-in-law, the Rev. Philip Morant, author of 
“The History of Essex’, and we still have the 
manuscript catalogue of this collection. It was rich 
in topography and history, and many of the books 
contain manuscript notes in them by Astle and their 
previous owners. A lovely copy, bound in red 
morocco, of Astle’s own book “The Origin and 
Progress of Writing’’, the 1598 edition of ““Holinshed’s 
Chronicles’, and a collection of rare and interesting 
political and antiquarian tracts are among the 
treasures acquired in 1804. Many of these books 
from Astle’s library would, I think, constitute a 
valuable source of information for historical research 
schoiars; but their existence here is not widely 
known. 

In June 1803 the patrons appointed Mr. William 
L. Harris, formerly a bookseller’s assistant, to be in 
charge of the Library at a salary of £150 a year 
and the Managers allowed him to live in the House.’ 
Harris's task was to collect and arrange the Library 
under the general supervision of the patrons, Dr. 
Charles Burney acting as honorary librarian. Harris 
had two assistants, one for the lower and the other 
for the upper room, and the Library was kept open 
until 11 p.m. each night. 

In July 1803 it is interesting to find that Mr. 
T. F. Dibdin applied for the situation of principal 
librarian of the Royal Institution; but he was told 
that it was not intended to proceed to the choice of a 
librarian until after the following Christmas. Thus 
the Royal Institution lost the chance of employing 
a man who later became one of the most famous 
bibliographers of all time. 

But Harris, who was soon afterwards formally 
appointed Keeper of the Library, served the In- 
stitution well. Not very much is known about him ; 
but we have a few facts and we can assume others. 
He was responsible for building up and arranging 
the Library at the time when £5,000 was available 
for spending on this object, and therefore he had the 
fine opportunity of going to sales and purchasing 
many books on behalf of the Institution. Dibdin, in 
his “Bibliographical Decameron”, when describing 
the famous sale of the Roxburghe Library, tells this 
little story. ‘Short men were smothered; and 
nothing but the standing upon a contiguous bench 
saved the writer of the Bibliographical Decameron 
from suffocation. Even the worthy Mr. Harris, 
Librarian of the Royal Institution, who measures 
some five feet 10 or 11 inches, was compelled to have 
recourse to the same expedient ; and, in so doing, 
gallantly rescued (at the peril of a compound fracture 
in his right arm) my excellent friend Mr. James 
Heywood Markland from an almost overwhelming 
pressure.” 

In 1809 Harris produced the first printed catalogue, 
which was highly praised at the time. Dibdin, in his 
“Bibliomania”, speaks of it thus: “If a lucid order, 
minute and correct description of the volumes of an 
admirably chosen library, accompanied with a 
copious and faithful alphabetical index, be recom- 
mendations with the bibliographer, the present 
volume will not be found wanting upon his shelf. It 
1s the most useful book of its kind ever published in 
this country. Let the bibliomaniac hasten to seize 
one of the five remaining copies only (out of the 50 
which were printed) upon large paper”. Harris, I 
suspect, was a friend of Dibdin’s! By that time the 
Library of Reference contained more than 12,000 
volumes of the best authors and editions in every 
branch of science and literature, and much credit is 
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due to Harris for the good foundations which he laid 
for the Library. In 1821 he produced a second 
edition of his catalogue. 

Besides living on the premises, Harris supervised 
the House under Davy, and it was through an action 
of Harris’s that the opportunity arose for Davy to 
make his now famous offer to Faraday in 1813 of a 
post at the Institution. The incident, which led to 
such remarkable consequences for the Institution, 
happened one evening in 1812 when Harris heard a 
commotion in the lecture room and found William 
Payne, the laboratory assistant, fighting with Mr. 
Newman, the instrument maker, on a question of 
attending to the needs of Prof. Brande. Harris 
presumably reported the matter to Davy. Payne 
was dismissed, and Davy, a few months later, offered 
the job of laboratory assistant to Faraday. Thus 
Harris, by a lucky chance, did more for the Institution 
than he ever realized. He continued as librarian 
until the end of 1823 when, through lack of funds, 
his situation was regretfully terminated. He had 
served the Institution well for twenty years. 

The system of having the Upper Library run under 
the management of the patrons of the Library and 
the remaining rooms under the control of the 
Managers worked well at first; but the dual control 
system was bound to fail in the end. From the 
minutes it is obvious that from 1812 onwards the 
patrons were maintaining the Library with less and 
less effect. The original funds had been spent, few 
new subscriptions were coming in and by 1816 the 
patrons found it difficult even to pay the librarian’s 
salary. Gradually, therefore, the Managers had to 
step in, and by December 1826, when William Singer 
was appointed librarian, it was the Managers of the 
Institution and not the patrons of the Library who 
henceforward paid his salary. The system of having 
patrons dragged on until the 1860’s; but it gradually 
passed into limbo and the Library then, quite rightly, 
came under the direct control of the Managers. 

Among the patrons of the Library there were 
many interesting people. Earl Spencer, who was 
president of the Institution for twelve years, was 
also president of the patrons. He took a lively 
interest in the formation of the Library and, with 
his vast knowledge and love of books, he was an 
ideal person to advise and direct the policy of pur- 
chasing. His own famous library at Althorp was one 
of the richest private libraries in Europe—it was 
sold in 1892 and is now in the John Rylands Library, 
Manchester. When the Institution missed the 
opportunity of employing T. F. Dibdin, Earl Spencer 
snapped him up and made him his librarian at 
Althorp. 

Dr. Charles Burney, the famous musician and 
author, was one of the honorary librarians for eleven 
years until his death in 1814, and he took a great 
interest in the Library, its formation, its growth and 
its policy. Burney, of course, was famous for his 
charm and brilliant conversational powers, and I 
like to think that he must have frequently dis- 
regarded the ‘Silence is requested’ notice in the Main 
Library. 

Rumford was a most generous donor of books, and 
we still have many volumes which were presented 
by him; and it is interesting to note that he went 
on presenting volumes of the Phil. Trans. for years 
after he left the Institution. Perhaps his feelings 


towards the Institution after his departure in 1802 
were not quite so hard and bitter as his biographers 
have told us. 





244 


Sir Joseph Banks, Davy, Thomas Coutts, the 
banker and founder of Coutts’s Bank, James Edwards, 
the wealthy bookseller and bibliographer, and 
William Wilberforce were also patrons. To these 
men and to the other patrons the Institution owes a 
debt, not only for their generosity, but also for the 
wisdom and care that they expended in building up 
the Library. 

Faraday, of course, presented many books during 
his lifetime, and these have an intrinsic and senti- 
mental value here. On his death he bequeathed to 
the Library his now famous manuscript note-books 
and diaries, and a number of his own printed books, 
some of which he had bound himself. With his 
customary modesty he said in his will “. . . these I 
offer for the Library of the Royal Institution, if the 
Managers should think them worth a place’. He 
was one of the patrons of the Library, and it is certain 
that he took a great interest in it. In some of the 
old accessions registers long lists of books appear 
from time to time under the heading “Purchased 
with Mr. Faraday’s concurrence”’. 

Now the Managers, in the Institution’s early days, 
were quite determined to maintain strict discipline 
over all who used the Library, and upon anybody 
who dared to misuse it they took most stringent 
action. For example, the following notice was put 
up in the Institution after the loss of two books from 
the Lower Library in 1806: “If the above books 
have been borrowed under the idea of a right so to 
do, the Managers request that they may be brought 
back; and that all persons will abstain in future 
from taking away any book, as being positively 
contrary to the laws of this Institution. If, however, 
it should appear, as in a former instance, that either 
of the above mentioned books has been fraudulently 


taken away, the Managers, being determined to 
subject such an offender to the utmost rigour of the 
Law, offer a reward of ten guineas, to be paid to the 
informer upon conviction’. 

Again, there is the story of Frederick Accum, a 
German chemist who worked in London and achieved 
considerable fame in the early nineteenth century by 


his inventive skill and by his publications. He 
became a member of the Royal Institution and was 
employed here for two years from 1801 until 1803 as 
“Assistant chemical operator’; but he continued to 
remain a member after resigning this post and was 
@ frequent user of the Library. In the minutes of 
1820 it was reported that Mr. Sturt, the assistant 
librarian, had reported that a number of books had 
been made imperfect by having several leaves and 
plates taken out of them, and that these mutilated 
books were those that Mr. Accum was in the habit 
of reading. The secretary had directed Mr. Sturt to 
have holes bored in the cupboard of the room 
adjoining the Reading Room for the purpose of 
watching more closely the persons who frequented 
that room, and on December 20 Mr. Sturt saw Mr. 
Accum enter the room, where he remained nearly 
two hours, during which time he watched him very 
closely from the cupboard and had no doubt but 
that he had torn several leaves out of a volume of 
Nicholson’s Journal, which he had been reading, but 
owing to a pile of books which was lying on the table, 
he could not be positive and therefore he did not 
then interfere. Immediately after Mr. Accum had 
quitted the Institution, which he did in a hurried 
and confused manner, Mr. Sturt examined the books 
which he had seen in Mr. Accum’s hands and found 
that Parmentier’s ‘““Treatise on the Composition and 
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Use of Chocolate” had been taken out of Nicholson’, 
Journal, vol. 5, which he was positive had been entire 
the week before. The matter was then reported to 
the local magistrate, who issued a warrant to search 
Mr. Accum’s house in Compton Street. A number 
of leaves, which Sturt identified as being torn out of 
books belonging to the Institution, were found. The 
case was then brought before the magistrate; but 
the magistrate ruled that however valuable the books 
might be from which the leaves found in Mr. Accum’s 
house had been taken, yet the leaves separated from 
them were only waste paper. If they had weighed 
@ pound he would have committed him for the value 
of a pound of waste paper, but this not being the 
case he discharged him. 

The Managers, however, were not satisfied with 
this ruling and resolved that a Bill of Indictment be 
preferred against Mr. Accum. This Bill of Indict. 
ment was preferred against him for feloniously 
stealing and taking away 200 pieces of paper of the 
value of four pence, the property of the members of 
the Royal Institution of Great Britain. But by the 
time this second case was due for trial in April 182] 
poor Accum had disap and returned to his 
native Germany, thus forfeiting his honour and £200 
bail. 

It seems that Accum was probably guilty of 
mutilating books; but one cannot help but feel that 
the punishment was too harsh for the crime. Our 
copy of Nicholson’s Journal, vol. 5, with its 
missing pages is to-day evidence of these ‘strange 
happenings. 

Under Faraday, Tyndall and Dewar, the Library 
continued to grow and in 1857 a new printed 
catalogue was published. This catalogue was the 
work of Benjamin Vincent, who was then the keeper 
of the Library, and supplements were published down 
to 1914. Vincent was a scholar in his own right and 
edited Haydn’s “Dictionary of Dates’? and the 
“Dictionary of Biography”’. 

In 1896 Ludwig Mond presentéd No. 20 Albemarle 
Street, and thus the Library was extended by the 
addition of two more rooms. 

Henry Young succeeded Vincent as librarian, and 
Mr. Ralph Cory, as he recently related in his discourse 
on “Fifty Years at the Royal Institution”, joined 
Young in 1899. Mr. Cory was in charge in 1935 
when the Library was redesigned and rebuilt, and he 
faced the immense problems of disposing of the books 
while this work was going on and then in re-shelving 
them when it was completed. 

The contents of the Library cannot be described 
here; but it still possesses among its 65,000 volumes 
many early works of interest. A fine copy of the 
1543 edition of “De Humani Corporis Fabrica” by 
Vesalius; the 1499 Aldine edition of ‘Astronomi 
Veteres”; a first-edition copy of Gilbert’s “De 
Magnete”, 1600; Burton’s “Anatomy of Melancholy” 
in the 1652 edition ; Hooke’s ‘“‘Micrographia’’, 1667 ; 
Schott’s “Technica Curiosa’”’, 1665; Ramelli’s 
“Diverse et Artificiose Machine’, 1588; and a fine 
set of Gould’s “Birds” are a few examples chosen at 
random. But the Library, which is particularly 
strong in its sets of periodicals, 350 journals being 
currently received, is not confined to science, and 
contains works on history, topography, literature and 
other subjects, many of which are of considerable 
interest. This fine collection is kept here for the 
purpose of serving the Institution’s object, which is 
the promotion of science and the diffusion and 
extension of useful knowledge. 
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THE NATURE OF PLANT SPECIES 


EBULOUS and indefinable as the ancient concept 

of the species may be, discussion of it continues 
to be profitable in providing the opportunity for 
reviewing progress in the study of the variation of 
living organisms and of reassessing the taxonomic 
methods whereby existing knowledge is recorded and 
catalogued. Not unexpectedly, this proved the main 
function of a conference arranged by the Botanical 
Society of the British Isles on ‘“The Species Concept 
in Relation to the British Flora’, held in London at 
Church House, Westminster, during April 9-10. In 
the unfortunate absence of the president, Canon 
¢, E. Raven, this fourth conference of the Society 
was opened by Prof. T. G. 'Tutin (University College, 
leicester). The programme followed the pattern of 
former years, with formal papers, exhibits and a 
concluding field excursion—on this occasion, jointly 
with the British Bryological Society, to Box Hill, 
Surrey, under the leadership of Mr. E. C. Wallace. 

With the efflorescence during recent decades of so- 
called experimental taxonomy, it is not surprising 
that several of the papers read at the conference should 
have been concerned with the impact of experimental 
studies on the species problems of orthodox taxonomy, 
and that applications of new techniques were to be 
seen among the exhibits. Prof. 8. C. Harland (Uni- 
versity of Manchester) was regrettably prevented 
from being present through illness, and his paper was 
read by Miss H. Jackson. In it, Prof. Harland said 
that the aim of experimental studies on plant popula- 
tions is not primarily taxonomic revision, but rather 
to formulate relationships in terms of genes, chromo- 
somes and cytoplasm. Data useful for classificatory 
purposes arise more or less as a by-product, and the 
occasions when experimental results actually demand 
radical taxonomic revision are relatively few. Crossing 
is the most familiar experimental method ; but graft- 
ability provides an index of relationship not often 
taken into account. A successful graft between two 
species must indicate relatively close biochemical 
relationship between their tissues, and the evidence 
available from horticultural experience, in Rosaceae, 
Solanaceae, etc., has significant implications. On the 
whole, it appears that grafting is not possible between 
representatives of different families, and the correla- 
tion between inter-graftability and capacity for sexual 
hybridization is quite good. The evidence from grafting 
experiments combined with that from hybridization 
has provided justification for taxonomic changes such 
as, for example, the fusion of the genus Hriorylum 
with Gossypium. 

Discussing the taxonomic problems arising from 
variability within species, Dr. J. H. Burnett (Univer- 
sity of Liverpool) said that it has been customary to 
give nomenclatural recognition only to those infra- 
specific units which are readily detectable through 
their morphological distinction, and these are not 
necessarily the most important from the point of view 
of the survival and behaviour of the species. Heritable 
infra-specific variation may be genic, chromosome 
numerical or chromosome structural in origin, and, 
from the point of view of a morphologically based 
taxonomy, the variants may be manifest or cryptic. 
Single gene differences are likely to gain taxonomic 
recognition when they affect a feature like flower 
colour, but less so when they concern a characteristic 
like glucoside content, as in Trifolium repens. Races 
differing in chromosome number may show a wide 
range of morphological distinctness. In the British 
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flora, cytologically heterogeneous species exist like 
Iris pseudacorus in which no serious attempt at 
taxonomic subdivision has been made because of 
apparent morphological homogeneity, while in other 
instances (for example, Monotropa hypopithys and its 
segregate M. hypophegea) taxonomic subdivision pre- 
ceded the discovery of cytological heterogeneity. 
Populations differing in chromosome structure are 
found within such species as Datura stramonium and 
Paris quadrifolia ; here again, from the point of view 
of orthodox taxonomy, much of this type of variation 
is cryptic. The exhibits of Dr. C. T. Prime and 
Mr. G. Panigrahi illustrated some of the complexities 
introduced by the existence of cryptic or semi- 
cryptic cytotypes within flowering plant species, the 
former dealing with Arum maculatumand A.neglectum, 
and the latter with Caltha palustris, in which a truly 
astonishing range of chromosome numbers has been 
reported. 

The relationship between the categories of the older 
and newer ‘taxonomies’ was discussed in papers by 
Dr. J. Heslop Harrison (University College, London) 
and Mr. J. 8S. L. Gilmour (University Botanic Garden, 
Cambridge). Dr. Heslop Harrison stated the case 
against any attempt to give narrow genetical defini- 
tions to nomenclatural taxonomic categories, and 
particularly to the species, pointing out that in prac- 
tice binomials are given to variational units of many 
different types. Even with outbreeding sexual 
organisms, uncompromising genetical definitions, 
based, for example, on fertility/sterility criteria, are 
either inoperable in practice or. produce results widely 
at variance with those arising from the use of criteria 
derived from comparative morphology.. The more 
subtle biological species concepts such as that of 
Mayr have abandoned any pretence of providing 
an experimental test of species status, and in effect 
ultimately come simply to describe some of the bio- 
logical properties of the ‘good’ species of taxonomy. 
If the categories of nomenclatural taxonomy are 
maintained with their present general-purpose appli- 
cation, the need may still exist for special classifica- 
tions based upon genetical, cytological or other special 
criteria in genecological and similar research. It 
remains questionable, however, whether a ‘taxonomic’ 
approach is now required at all in evolutionary studies, 
where the requirement is to investigate processes 
rather than to recognize stages. Mr. J. 8. L. Gilmour 
said that all classification should have a purpose, and 
that the attributes chosen for the construction of 
classifications are naturally selected with regard to 
their purposes. Orthodox taxonomy has achieved a 
high measure of success in producing a classification of 
the plant kingdom based principally on morphological 
attributes, taking distribution also into account. The 
so-called experimental taxonomy, with its concern for 
the processes of micro-evolution, has different aims 
and therefore adopts different criteria. The facts dis- 
covered in experiment may, of course, have relevance 
to orthodox taxonomy, but it would be a mistake to 
attempt to absorb the experimental categories into 
nomenclatural taxonomy in the belief that the latter 
would thereby be ‘improved’. Disagreement still 
exists as to how the experimental categories them- 
selves should be defined, and already in this field 
terminology is chaotic. It is with the hope of intro- 
ducing some semblance of order that a development 
of the ‘deme’ terminology has recently been formu- 
alted after discussion between several British gene- 
cologists and taxonomists. The use of Turesson’s 
genecological category system was illustrated in a 
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paper by Dr. C. H. Andreas (University of Groningen), 
who, describing the Dutch forms of Stellaria nemorum, 
said that while there might be doubt as to the appro- 
priate taxonomic ranks to be given to these, they are 
to be looked upon as ecotypes, being clearly differen- 
tiated in their ecological tolerances. 

Dr. H. Hamshaw Thomes (University of Cam- 
bridge), in directing attention to the stability of 
many specific characters as revealed by the fossil 
record, provided a valuable counterbalance to the 
impression of complete fluidity so-easily gained from 
many present-day discussions of the species problems 
of flowering plants. There are few fossil records of 
angiosperms continuous over long periods of time 
such as exist in various animal phyla, but from the 
available evidence it is clear that certain generic and 
even specific characters have been extraordinarily 
stable. Identifications of the leaves of genera such as 
Acer, Betula and Populus in early Tertiary deposits 
have been amply confirmed by wood and pollen 
studies. Remains of flowers are not abundant, but 
such as are available—Populus and Cinnamomum in 
Oligocene amber, for example—testify to the antiquity 
and stability of present-day types. Certainly there is 
little in the record to support the concept of gradual 
evolution from a proto-angiosperm with flowers con- 
sisting of a mass of ‘fertile leaves’. 

The increasing importance being attached to vege- 
tative features in the treatment of critical taxonomic 
groups among modern flowering plants was illustrated 
by papers contributed by Prof. T. G. Tutin and Dr. R. 
Melville (Royal Botanic Gardens, Kew). For several 
reasons, not the least being their lesser liability to 
environmental modification, floral parts provide most 
of the technical diagnostic features cited in Floras ; 
nevertheless, said Prof. Tutin, the experienced field 
botanist recognizes most of his plants by their general 
appearance, to which vegetative features contribute 
by far the greatest part. In many anemophilous 
alliances, the reduction and standardization of floral 
pattern is such that few diagnostic features can be 
derived from this source in any case, and in families 
like Chenopodiaceae and Gramineae, discrimination 
of species requires the adoption of other criteria, 
including habit, colour, and vegetative and anatomical 
characters, many of which can only be assessed by 
measurement. Among British grasses, anatomical 
features have for some time been used for the recogni- 
tion of critical taxa, and more recently features of the 
leaf epidermis have proved valuable for the separation 
of species not readily distinguishable in other ways. 
They can, for example, be used to discriminate 
Puccinellia distans and P. pseudodistans, and provide 
justification for the recognition as a separate entity 
of the enigmatic Irish taxon, Puccinellia maritima var. 
hibernica of Praeger and Druce. Dr. Melville explained 
the significance of characteristics derived from the 
foliage of arboreal species where the flowers are either 
not available or useless as a source of taxonomic 
characters. Although leaf shape may show great 
variation during growth, the sequence observed from 
youth to maturity and from the beginning to the end 
of a season’s growth follows a consistent plan, and 
such a sequence—the leaf spectrum—may be treated 
as a single complex character. A study of elm hybrids 
suggests that the factors controlling leaf shape in one 
part of the leaf spectrum may be mainly derived from 
one parent, while those controlling another part may be 
inherited from the other. The spectrum may thus vary 
in a complex manner; but is not beyond interpretation 
with a knowledge of the characteristics of the parents. 
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The taxonomic problems of cryptogams were dis. 
cussed in papers by Prof. I. Manton (University of 
Leeds), Prof. A. Burges (University of Liverpool) and 
Dr. E. W. Jones (University of Cambridge) and illus. 
trated by exhibits by Dr. 8. Walker, Mr. J. D. Lovis & 
(both of the University of Leeds) and Dr. E. Burrows 
and Dr. S. M. Lodge (both of the University of Liver. 
pool). Surveying the recent work of the Department 
of Botany of the University of Leeds on the cyto. 
taxonomy of ferns, Prof. Manton stressed that with 
pteridophytes, as with flowering plants, the “mor. 
phologically based species of taxonomy generally 
embrace complexes of infraspecific units distinguish. 
able by physiological, cytological or other charac. 
teristics. In such common British species as Asplenium 
adiantum-nigrum, A. trichomanes, Polypodium vulgar 
and Cystopteris fragilis, different cytotypes exist which 
possess independent geographical distributions and 
ecological tolerances. Understanding of these species 
requires knowledge of the world distribution of the 
component races, while the inter-relations of the races 
themselves can be examined by the analysis of chrom. 


“osome pairing in artificial hybrids between them, 


The results of the examination of the distributional 
patterns of the cytotypes are occasionally found to 
contradict generally held principles derived from 
angiosperm studies. Thus the thesis of a correlation 
between increasing levels of polyploidy and increasing 
latitude finds no general support from fern cyto. 
taxonomy. A preliminary survey of the fern flora of 
Ceylon in which 60-70 per cent of the known species 
have been examined cytologically shows that in this 
tropical island some 60 per cent of the species are 
polyploid, compared with 53 per cent in the British 
Isles where all species have been investigated. 
Similarly, within species, it is often found (as, for 
example, with Cystopteris fragilis and Dryopteris 
dilatata) that it is the races of lower chromosome 
number which possess the more northerly ranges. In 
exhibits dealing with fern cytotaxonomy, Miss M. G. 
Shivas dealt with the relationship of the two sub- 
species of Asplenium adiantum-nigrum in Britain, Dr. 
S. Walker presented data on the Dryopteris spinulosa 
complex in Europe, and Mr. J. D. Lovis illustrated 
work on the problem of Asplenium trichomanes. The 
last-named case is typical of many arising with pteri- 
dophytes, where diagnostic characters have perforce 
to be drawn mostly from foliar characters which are 
notoriously plastic. No qualitative differences have been 
found to separate the two cytotypes of A. trichomanes, 
although they are distinguishable on the basis of quanti- 
tative characteristics including, especially, spore size. 

Commenting on the problems of fungal systematics, 
Prof. A. Burges said that many of the difficulties 
encountered with flowering plants exist, often im 
aggravated form, together with others peculiar to the 
group arising from the special genetical mechanisms 
found in it. Heterokaryosis, for example, provides @ 
mechanism of variation unparalleled among the 
higher plants, and there have been few attempts to 
develop new concepts of species in the fungi to take 
such phenomena into account. The difficulties which 
arise in all biological taxonomy from the fact that 
what is being classified is a ‘slice’ at a given time of an 
evolutionary continuum are emphasized in genera 
such as Puccinia, where a short generation time means 
@ very much higher potential evolutionary rate. 
Wheat rust races in Australia have been known to 
replace each other over an area of continental dimen- 
sions in periods as short as two years. Phenotypic 
plasticity—a source of difficulty in higher plant sys- 
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Hybridization as a complicating factor in the 
taxonomy of critical groups was illustrated in the 
exhibits of Miss W. T. M. O’Connor (University of 
Liverpool) and Mr. P. Gay (University College, Lon- 
don). Miss O’Connor showed how hybrid swarms in- 
volving Centaurium littorale and C. minus could be 
analysed by the use of Anderson’s hybrid index tech- 
nique, and Mr. Gay provided new data on the 
variability of Erica ciliaris, a Lusitanian heath which 
in Britain, at the northern end of its range, is ap- 
parently severely affected by hybridization with Erica 
tetralix. Mr. Gay put forward the hypothesis that 
the Irish E. mackaiana may be the product of the 
hybridization of EZ. ciliaris and EL. tetralix. 

In the concluding paper of the conference, Dr. W. B. 
Turrill urged a ‘synthetic’ approach to the taxonomic 
problems remaining in a flora like that of the British 
Isles, where the methods of comparative morphology 
are approaching the limits of their usefulness. Being 
opposed to any segregation of experimental from 
orthodox taxonomy, he felt that taxonomists should 
be prepared to use any kind of character which might 
help to make a more widely useful classification. He 
was particularly insistent that the methods of syn- 
thetic taxonomy are in no sense closed to the amateur 
botanists who form the greater part of the member- 
ship of the Society: in fact, they open up to the 
amateur a new and largely untouched field in which 
almost any effort will contribute new knowledge. 

In an evening meeting during the conference, 
Prof. A. R. Clapham (University of Sheffield) and 
Dr. S. M. Walters (University of Cambridge) reported 
to guests and members the considerable measure of. 
progress made in the organization of the scheme for 
the production of a distribution atlas of the British 
flora, since guarantees of support for the project had 
been received from the Nuffield Foundation and the 
Nature Conservancy. Details of the scheme have 
been discussed by Dr. Walters in a recent article’. 

The smooth progress of the conference was largely 
due to the work of Dr. J. G. Dony, in charge of the 
organization. It is expected that the full proceedings 
will be published in book form. 

1 Gilmour, J. S. L., and Gregor, J. W., Nature, 144, 333 (1939). 
* Walters, 8S. M., Nature, 178, 1079 (1954). 
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tematics—is often encountered in extreme form in 
fungi. The different manifestations of the same 
organism on different hosts, or even on different parts 
of the same host, are sometimes so dissimilar as to 
have led to their classification in different genera. 
Only culture techniques can serve to clarify situations 
such as these; but, even so, problems of typification 
and nomenclature remain acute. 

Biochemical and other physiological criteria have 
become of importance in fungal and bacterial sys- 
tematics ; but so far they have not assumed significance 
in the classification of the bryophytes, although, as 
emphasized by Dr. E. W. Jones, the search for new 
taxonomic characters in this group continues. Early 
bryophyte systematists placed reliance largely upon 
gross morphology of vegetative and reproductive 
organs ; but, more recently, anatomical and histo- 
logical characters have assumed primary importance 
in species discrimination, and even cytological features 
like the presence and nature of oil bodies in the living 
cells. All parts of the bryophyte thallus seem to be 
susceptible to environmental modification, and recent 
critical culture work which has demonstrated that 
many described forms are not genotypically distinct 
has led to the relegation to synonymy of many species 
names. There is little agreement, however, as to what 
shall be taken as species limits, and the tendency is 
to call every recognizably different genotype a species 
however slight its distinctive features. The apomictic 
reproduction of minor variants by vegetative means 
adds to- difficulties here. Dr. Jones pointed out that 
any theoretical difference between the species concept 
as applied to bryophytes and to phanerogams lies in 
the fact that the bryophyte plant is the gametophyte 
whereas the phanerogam plant is the sporophyte, 
Hybridization has thus unusual consequences: it is 
possible, for example, to have a hybrid capsule 
attached to a non-hybrid gametophyte. Hybridiza- 
tion can also complicate algal systematics, and in 
their exhibit Dr. Burrows and Dr. Lodge demonstrated 
how the hybrid index technique devised by Anderson 
for flowering-plants has proved applicable to the 
analysis of hybrid swarms involving British species of 
Fucus. Environmental modification is also a compli- 
cating factor in this genus. Variation in Fucus 
vesiculosus and F. inflatus shows some degree of 
ecological correlation, and, in rough water, plants of 

| the two species are very similar in their growth form. 
Cultural methods have been devised, and are expected 
to reveal whether or not the named habitat forms of 
the two species have a genotypical basis. 

The importance of the development of culturing 
methods was also apparent in exhibits illustrating 
current work on British flowering-plants. Mr. P. F. 
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TOTAL SOLAR ECLIPSE OF 
JUNE 30 


BRITISH EXPEDITIONS’ RESULTS 
By Pror. R. O. REDMAN, F.R.S. 


Yeo (University of Cambridge) showed how taxonomic 
problems in the semi-parasitic genus Huphrasia are 
amenable to investigation now that the technique 
of cultivation using Plantago lanceolata as a host has 
been perfected ; the relative significance of environ- 
mental and hereditary effects can now be assessed and 
the reproductive biology studied. Mr. D. H. Dalby 
(University College, London) has developed a suitable 
technique for the cultivation of the salt-marsh genus 
Salicornia. He demonstrated how in this genus, 
f) where reduced floral structure has resulted in a 
|) 'eliance on vegetative features for the discrimination 
of taxa, progeny tests have shown variation in habit 
to be hereditary in some instances and environment- 
ally conditioned in others. Two cytological series, a 
diploid and a tetraploid, exist in southern England, 
and parallel sequences of habit-types occur in each. 


N account of several favourable factors, extensive 

preparations were made by European astronomers 
to observe the total solar eclipse of June 30; totality 
was of reasonably long duration, 2} min. on the centre 
line, the sun was in a good star field, weather pros- 
pects were reasonably promising, and the belt of 
totality was easily accessible in Norway and Sweden. 
This article is an account only of the activities of 
British observers, on the ground in Sweden and in 
the air north of Britain. 

In general, the actual weather conditions were 
disappointing. The chances of a clear sky had been 
rated highest (a little more than 50 per cent) for the 
coasts of Sweden, and the east-coast island Oland 
had been chosen for the site of many expeditions. 
Gland, however, with most of the Swedish mainland, 
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was covered with thick cloud and so far as is known 
few observations of any value could be made there. 

Farther east and somewhat off the centre-line, the 
island of Gotland had a good sky, while on the west 
coast of Sweden, to which most British astronomers 
had gone, totality was seen through thin cloud. In 
addition to conventional ground parties, a number 
of aircraft flew to various parts of the totality 
belt, north of the Shetlands and north-westwards 
towards Greenland, with results mentioned in more 
detail below. 

The Royal Greenwich Observatory supplied two 
parties of observers. Dr. R. d’E. Atkinson went to 
Oland, to continue work done by him at the 1948 
and 1952 eclipses, when he had made photographs of 
the solar crescent near totality for geodetic purposes 
and also to study the profile of the moon’s limb. On 
the west-coast island Syd-Koster, near Strémstad, 
Mr. T. Gold and Dr. A. Hunter, with assistance from 
Messrs. D. W. Sciama and E. W. Bastin, had erected 
a 7-in. refractor of 21 ft. focal length with the purpose 
of photographing the star field around the sun, to 
measure the relativity displacement. In such work 
the star images can be distinguished against the 
background of corona only if general conditions are 
very good; but on this occasion the sky was not 
perfectly clear and scintillation was moderate, so 
that the photograph obtained shows little but corona. 
The work, however, gave valuable experience with a 
novel telescope shelter which might well be copied at 
future eclipses. 

Also on Syd-Koster was a group from the Cam- 
bridge Observatories, Prof. R. O. Redman, Dr. D. W. 
Dewhirst, Dr. H. von Kliiber and Dr. A. H. Jarrett 
(of the St. Andrews Observatory), alongside a group 
from the London University Observatory, Prof. 
C. W. Allen, with Messrs. C. R. Spratt, E. W. Foster 
and A. 8. Asaad. These two groups were given much 
general assistance by Mrs. L. von Kliiber, Mr. M. F. 
Ingham and Mr. Jan Hégbom. Prof. Redman photo- 
graphed the chromospheric spectrum using a large 
slit spectrograph of 24 ft. focal length, with an 
unusually good plane grating lent by the Mount 
Wilson and Palomar Observatories. The spectro- 
graph was fed by a ccelostat and a concave mirror of 
36 ft. focal length. Both second and third contact 
photographs were considerably under-exposed, mainly 
on account of the poor sky. Drs. von Kliiber and 
Jarrett were engaged in an experiment which has 
been repeatedly tried without success by various 
eclipse observers during the past twenty-five years, 
namely, to photograph the corona in the light of the 
green line at 5303 A., doing this through a Fabry— 
Perot, interferometer so that the fringes are super- 
posed on the picture. From measurement of the 
fringes one may hope to obtain information of local 
movements and rotation of the corona, and of the 
distribution of kinetic temperature. The strength of 
the green coronal line varies with the sunspot cycle ; 
the eclipse fell at sunspot minimum in a time of quite 
exceptionally low solar activity, and the 5303 A. line 
was known from coronagraph observations to be 
unusually faint. Despite all the unfavourable con- 
conditions, successful photographs were obtained 
showing interference fringes, a tribute to the extreme 
care and thoroughness with which the apparatus had 
been designed and prepared. With the third Cam- 
bridge instrument, a quartz (slit) spectrograph fed by 
a concave mirror of 8 ft. focal length, Dr. Dewhirst 
obtained good photographs of the _ ultra-violet 
chromospheric spectrum at both second and third 
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contacts. These are to be used to measure the electron 
temperature of the chromosphere by Zanstra’s 
method. 

The London University Observatory’s prograrme 
was aimed specially at the outer corona and was 
therefore considerably affected by the thin cloud, 
The full programme of work was carried through, 
but to what extent the sky has affected the results 
will only be known after measurement of the plates, 
Prof. Allen and Mr. Spratt took a series of calibrated 
photographs of the corona, some in blue and some 
in red light, using two cameras mounted on the same 
polar axis (focal lengths ~ 1 metre). At about 
7 metres in front of each camera, on its optical axis, 
was an occulting disk designed to remove the inner 
corona, or to reduce its light in a pre-determined 
way by vignetting, so that a great range of surface 
brightness in the corona could be covered satisfactorily 
in one exposure. The two disks were mounted ona 
wooden tower and driven laterally at the appropriate 
speed to retain alignment with the cameras during 
totality. Meanwhile, with a second instrument, a 
fast one-prism slit speetrograph having an f/1 camera 
of the Maksutov type, Mr. Foster and Mr. Asaad 
obtained a number of photographs of the coronal 
spectrum. The spectrograph was fed by a ccelostat 
and small telescope, and in the optical train preceding 
the slit was an occulting bar having essentially the 
same purpose as the occulting disks of the direct- 
photograph cameras. 

On Oland the St. Andrews University Observatory, 
represented by Prof. E. Finlay-Freundlich, co- 
operated with the Potsdam Observatory in a thorough 
and elaborate attempt to observe the relativity dis- 
placement of stars near the sun. The expedition 
shared the complete disappointment of many others 
in this part of Sweden. 

Of various observations from the air, two deserve 
mention. Mr. J. Paton, of the Department of Natural 
Philosophy, University of Edinburgh, was a passenger 
in an R.A.F. machine flying to the belt of totality 
as part of a navigational exercise, and during eclipse 
tried without success to detect a daytime aurora, 
with the help of interference filters isolating the green 
auroral line. Although the attempt was made in a 
zone of high auroral frequency, it was not favoured 
by the present very low level of solar activity, which 
is likely to be associated with an absence of strong 
aurore. 

Important work was carried out by Dr. D. E. 
Blackwell and Mr. J. P. Hignell, of the Cambridge 
Observatories. With very generous assistance from 
the R.A.F., they photographed the outer corona in 
exceptionally good sky conditions (and in consider- 
able personal discomfort), through the open door of 4 
special Lincoln bomber flying at about 30,000 ft. 
They used a specially designed multiple camera, 
giving eight images simultaneously on one plate, of 
varying intensities and polarizations. The object was 
to get better measures of the surface brightness and 
polarization in the outer corona, where existing data 
are known to be unreliable, to a greater distance 
from the sun than would be possible with observations 
from the ground. 

At Cambridge, where the optical eclipse was partial, 
measurements of solar radio noise were made by the 
Cavendish Laboratory’s radio astronomy team under 
Mr. M. Ryle. Since much of the radio radiation arises 
in the corona there is no great advantage, except 
possibly at very high frequencies, in restricting 
observing sites to the belt of optical totality. The 
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Cambridge observations, made on five wave-lengths 
over the range 0-6-8 metres, aimed at checking 
results obtained in other ways for the distribution of 
radiation emission over the corona. 

Observers from the Royal Greenwich Observatory 
were financed by the Admiralty, while those from the 
Cambridge and London University Observatories 
were supported almost wholly by a Government 
grant from the Royal Society through the Joint 
Permanent Eclipse Committee. St. Andrews observers 
were also supported in part from this grant. The 
astronomers concerned have also been grateful for 
generous assistance from other sources. Much help 
was received from the R.A.F., and also from the 
Swedish authorities, who through Prof. Y. Ohman, 
of the Stockholm Observatory, made arrangements 
to facilitate travel, Customs inspection, etc., in 
Sweden. Residents in Sweden living near eclipse 
camps treated the visiting astronomers with great 
kindness. 

In addition to regular observers engaged on specific 
programmes of investigation, a party of about 140 
members of the Royal Astronomical Society and the 
British Astronomical Association saw the eclipse 
through thin cloud in western Sweden, and a small 
number of others viewed it from aircraft north of 
Britain. 


OBITUARIES 


Dr. O. J. R. Howarth, O.B.E. 


Dr. O. J. R. Howartn, who died on June 22 at 
the age of seventy-seven, was one of the earliest 
recruits to the Oxford School of Geography after 
he had taken the Final Honours School of Modern 
History in 1900, and geography remained his pro- 
fessional interest throughout his life. He edited the 
“Oxford Survey of the British Empire” in 1914 with 
Prof. A. J. Herbertson and wrote a number of text- 
books for the Oxford University Press. Later he 
became specially interested in protecting the country- 
side and in town and country planning, and in 1937 
he wrote “The Scenic Heritage of England and 
Wales” for the Councii for the Preservation of Rural 
England. He was president of Section E (Geography) 
of the British Association in 1951 and president of 
the Geographical Association in 1953, when his 
address dealt with the importance of teaching geo- 
graphy from a Commonwealth point of view. 

His major occupation, however, was the secretary- 
ship of the British Association, which he held for 
thirty-seven years—from 1909 until 1946. During this 
time the activities of the Association underwent con- 
siderable changes, as with the general recognition of 
the national importance of science and _ scientific 
research, for which it had striven so hard in the 
nineteenth century, some of its functions were 
gradually taken over by other bodies. The Association 
owes a great debt to Howarth for his long and 
devoted service, and to the skill and economy with 
which he carried on its administration with a very 
small permanent staff. I know from my own 
experience how grateful successive local secretaries, 
who had to organize annual meetings of increasing 
size, were to Howarth for his wise advice and guidance 
on all the details of the arrangements ou which the 
smooth working of the meetings depended. 

The future of the Association, how it could best 
fulfil its purpose under changing conditions, was the 
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constant thought in Howarth’s mind, and his know- 
ledge and experience was of the greatest value to 
successive general officers. One great service he 
rendered was his short history of the Association, 
“A Retrospect, 1831-1931”. It gives in a short 
compass @ masterly sketch of the fortunes of the 
Association during its first century. In it Howarth 
concentrated the results of many years of study, 
and from his knowledge of the outstanding per- 
sonalities and episodes, and with his crisp, clear 
style, he showed how much the Association had 
contributed to the advancement of British science. 
The idea of the book was first suggested in 1919 by 
Sir Charles Parsons, who made a generous contri- 
bution towards the cost of its publication in 1922. 
Later, again at his suggestion and with his help, it 
was revised and brought up to date for the centenary 
meeting of the Association in London in 1931. 

During the long presidency of Sir Richard Gregory 
during the Second World War, interest in the Associa- 
tion was kept alive by a series of conferences on 
topics of immediate public concern and on the 
problems that would arise when war ended. Their 
success owed much to Howarth’s untiring enthusiasm 
and hard work. It was his great satisfaction to see 
the Association emerge in 1945 stronger in heart than 
ever and ready to assume even larger burdens. 

Most modest as to his own ability, quiet and 
unassuming, Howarth valued above all else in his 
career the opportunity the British Association gave 
him to enjoy the friendship of some of the leaders 
of science, and with their help to uphold its great 
traditions. He was looking forward eagerly to the 
meeting next September in Oxford and to renewing 
memories of the 1926 meeting with the small band 
of survivors ; but that, alas, was not to be. Almost 
his last act was to prepare a script for the British 
Council on the history of the Association ; but he died 
before he could record it. 


Mr. E. F. Law 


By the death of Edward Fulton Law on May 22, 
in his seventy-seventh year, the profession of metal- 
lurgy loses one who had been closely identified with 
the rapid progress which has been made both in 
ferrous and in non-ferrous metallurgy during the 
past fifty years—as a contributor to the proceedings 
of the Iron and Steel Institute and to those of the 
Institute of Metals and as a partner in a firm of 
consultants (Messrs. Riley, Harbord and Law, of 
Westminster) until the time of his death. 

With a background of training which included 
chemistry under Tilden at the Royal College of 
Science (1894-98) and metallurgy under Roberts- 
Austen at the Royal School of Mines and at the 
Royal Mint (1898-1902), Law was one of a group of 
young men (among whom were H. C. Jenkins, A. 
Stansfield, W. H. Merrett, O. F. Hudson, G. D. 
Bengough, H. C. H. Carpenter and Walter Rosen- 
hain) who came directly under Roberts-Austen’s 
stimulating influence, and in all of whom the spirit 
of inquiry had been quickened by spending varying 
periods in his private laboratory at the Mint. It was 
there that Law took part in the work of the Alloys 
Research Committee of the Institution of Mechanical 
Engineers, which was still in progress at the time 
when the recently published Fifth Report had done 
so much to arouse interest in the application of the 
pyrometer and the microscope to industrial problems. 
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It was, in fact, in the rapidly developing art of 
metallography at the turn of the century that Law’s 
exceptional manipulative skill found full expression. 
This is abundantly shown by the quality of the photo- 
micrographs which appear in his contributions to the 
publications of the Iron and Steel Institute, to those 
of the Institute of Metals and particularly perhaps 
those which appear in the successive editions of his 
work on “Alloys and their Industrial Applications”, 
first published as one of Griffin’s Metallurgical Series 
of text-books in 1909. The frontispiece to that 
volume, a reproduction in colour of heat-tinted 
micro-sections, is one of Law’s skilful adaptations of 
the facilities afforded by the autochrome plates 
(which had just been introduced by MM. Lumiére, 
of Lyons) to differentiate micro-constituents under 
high powers. This early application of colour photo- 
graphy to metallographic work formed the subject of 
a short paper to the [ron and Steel Institute in 1908 
and attracted the attention and interest of the Royal 
Microscopical Society and of the Royal Society of 
Arts, to which bodies a number of examples were 
exhibited. 

After a period of private practice in Westminster, 
from 1903 onwards, Law became associated with the 
late F. W. Harbord (of Messrs. Riley and Harbord) ; 
but shortly before the First World War he accepted 
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Mining at Sheffield: Prof. |. C. F. Statham 


Pror. Ira C. F. SratHam, who has just retired 
from the chair of mining in the University of 
Sheffield, was born in Staffordshire and was 
educated at the University of Birmingham. He went 
to Sheffield in 1919 as a lecturer in the Mining 
Department and succeeded the late Prof. Douglas 
Hay as head of the Department in 1925. In his 
early years on the staff he carried out a number of 
researches on the ventilation of mines and ancillary 
problems, and later, as head of the Department, he 
continued to initiate and supervise research on this 
and other aspects of mining. He was responsible for 
the initial fundamental research work concerning 
flame-proof enclosures for mining electrical apparatus, 
and the subsequent routine testing and development 
of mining switchgear. His services as a consultant 
have been much in demand both in Britain and 
abroad, and his outstanding contributions to mining 
education and research have been recognized by the 
awards of the Futer’s Gold Medal of the National 
Association of Colliery Managers, the Thornton 
Medal of the Association of Mining Electrical 
and Mechanical Engineers and, more recently, the 
Douglas Hay Medal of the Institution of Mining 
Engineers. He is a past-president of the Midland 
Institute of Mining Engineers, a vice-president of the 
Institution of Mining Engineers and a past-president 
of the Institute of Mine Surveyors. When Prof. 
Statham went to the Department, he found it housed 
in a few rooms at the front of the Applied Science 
Building ; but in 1932 it acquired a new and larger 
building, and this, in 1953, was extended to meet the 
expanding requirements of the reorganized coal 
mining industry. These extensions and developments 
have been largely his responsibility. Although he 
reached the retiring age in 1952, he was invited to 
stay on for a further two years to complete his 
labours in creating the large Mining Department, 
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an appointment with Messrs. Sir W. G. Armstrong 
Whitworth and Co., Ltd., at their establishment a} 
Openshaw, Manchester, where he remained nti) 
1922 in charge of the production of armour-plate, 
He then returned to Westminster as a partner in the 
firm with which he had been formerly associated. Iy 
1939, however, at the outbreak of the Second Worl 
War, his previous links with those responsible for 
naval construction had led to a request by the 
Admiralty that he should join the late Sir Stanley 
Goodall at Bath. He remained there during the 
earlier years of the War, afterwards returning to 
Westminster on the death of his partner, Mr. F. W, 
Harbord, to resume his consulting practice, in 
associatio with Mr. Vernon Harbord and Mr. '., G, 
Howard. 

Mr. Law was an associate of the Royal School of 
Mines and a Carnegie silver medallist. After serving 
for many years on the Council of the Iron and Steel 
Institute, he was elected an honorary vice-president 
of that body in 1950. He was also an original member 
of the Institute of Metals. His engaging personality 
and long experience in helping to solve many of 
the difficulties with which engineers and metal. 
lurgists had been confronted had brought him 
valued friendships throughout Great Britain. 

8S. W. Sura 
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fully equipped for modern teaching and research, 
that to-day stands as a lasting tribute to his tenure 
of the Sheffield chair. 


Prof. F. S. Atkinson 


Pror. StatHam is being succeeded by Mr. F. 8. 
Atkinson, at present assistant to the production 
director of the North Eastern Division of the 
National Coal Board. Mr. Atkinson was educated at 
Chesterfield Grammar School and the University of 
Sheffield, where he graduated B.Eng. with honours 
and obtained the Diploma in Mining in 1922, at the 
same time serving his apprenticeship at the Tinsley 
Park Colliery Co. From 1924, Mr. Atkinson was 
successively assistant to the manager of Frickley 
Colliery and manager of Hatfield Main Colliery until 
his appointment to the chair of mining in the 
University of Leeds in 1936. He resigned from the 
chair in 1941 on his appointment as mining agent of 
Upton Colliery. In 1946 he was appointed chief 
mining engineer of the Indian mines owned by Shaw 
Wallace and Co., Ltd., which post he held for three 
years until he went to his present position with the 
National Coal Board. Mr. Atkinson thus has a wide 
knowledge of the mining industry, both in Britain 
and abroad ; he has published numerous articles in 
mining journals. 


Theoretical Physics at King’s College, London : 
Prof. C. Domb 


THE appointment has been announced of Dr. Cyril 
Domb to the chair of theoretical physics in the 
University of London at King’s College. Dr. Domb 
was a major scholar of Pembroke College, Cambridge, 
from 1938 until 1941 and graduated by way of the 
Mathematical Tripos. During 1941-46 he was at the 
Admiralty Signals Establishment and from 1946 held 
a senior research fellowship at the Clarendon Labor- 
atory, Oxford. Since 1952 he has been a University 
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lecturer in mathematics at Cambridge; he was 
awarded the Rayleigh Prize in 1949. Dr. Domb is 
distinguished for his work on the solid state, par- 
ticularly in relation to the statistical mechanics of 
co-operative phenomena. 


Higher Technological! Education in Great Britain 

Iv reply to @ question in the House of Commons 
on July 20, the Chancellor of the Exchequer stated 
that the plans announced for development of higher 
technological education in Leeds and Birmingham 
apply only to work in the universities, and do not 
include the upgrading of technical colleges. A con- 
siderable constructional programme is being carried 
out with the assistance of non-recurrent grants to 
improve and enlarge the accommodation at. univer- 
sities for technological work, and the cost of the new 
buildings for these studies which have been started 
in 1953 and 1954 is estimated at about £2-7 million, 
most of which will be met by grant. 

A memorandum on higher technological education 
drafted by the Parliamentary and Scientific Com- 
mittee before the Chancellor of the Exchequer made 
his first statement on July 13 states that there is a 
considerable unsatisfied demand for scientists, en- 
gineers and other technologists in British industry, 
particularly for metallurgists and chemical engineers 
and those able to take posts in management or pro- 
duction. This demand is expected to grow, and the 
Committee considers that further government action 
to improve facilities for higher technological educa- 
tion is urgently needed. So far as the universities 
are concerned, the Committee recommends an 
increase in the proportion of students of science and 


technology within the present limits of student 
numbers, and expansion of postgraduate facilities 
particularly in fields of study of importance to local in- 
dustrial interests. It also recommends extending the 
conditions of admission to postgraduate work and an 
increase in the number of bursaries from government 


and industrial sources. As regards colleges of tech- 
nology, the Committee recommends that a limited 
number, ultimately twenty, of colleges of technology 
should be given charters as royal colleges of tech- 
nology, with the maximum academic autonomy, and 
financial independence on a quinquennial basis such 
as the universities enjoy, subject to a special grants 
committee closely co-operating with the University 
Grants Committee. -Both the regional advisory 
councils and the local authorities of the region would 
be represented on the governing bodies as well as 
scientific, technological, industrial and commercial 
interests. The colleges, which would include a reason- 
able infusion of the humanities in the courses, would 
be entitled to award the degree of bachelor of tech- 
nology, and this should be of sufficient standard to 
qualify its holder for postgraduate work in a univer- 
sity. The memorandum refers also to the shortage of 
science teachers and the need for intensive and long- 
tem efforts by industry and the professional 
institutions to break down the prejudice of those 
leaving school against careers in applied science, as 
well as the need for greater co-operation between 
industry and the universities and technical colleges 
in the interchange of staff and in other ways. 


Financia! Estimates tor the Department of Scientific 
and Industrial Research 
Ix reply to questions in the House of Commons on 
July 20 regarding the Department of Scientific and 
Industrial Research, Mr. J. R. Bevins, Parliamentary 
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Secretary to the Ministry of Works as representing 
the Lord President of the Council, said that the 
estimates for the present financial year provide for 
an increase in gross expenditure of £71,440 and an 
increase of staff of 197 compared with last year. It 
is expected that about fifty of the additional posts 
will be filled by industrial staff, and most of the others 
will be in the scientific officer, experimental officer 
and assistant (scientific) classes. Provision for a 
further two hundred posts, of which about fifty will 
be for industrial staff, is planned for each of the four 
financial years 1955-56 to 1958-59. The present 
establishment at the Chemical Research Laboratory 
is 193 compared with 184 in July 1953, and consists 
of 159 non-industrial and 34 industrial staff. Nine of 
the present twelve vacancies are expected to be filled 
in the near future. The major works included in the 
Department’s building programme for 1954-55 are 
the Hydraulics Research Station (£159,800), Mech- 
anical Engineering Research Laboratory (£254,600), 
National Physical Laboratory (£111,700), Radio 
Research Station (£92,500) and the Water Pollution 
Research Laboratory (£115,000). The Water Pollu- 
tion Research Laboratory will be completed and 
occupied this year, and the work at the Hydraulics 
Research Station should also be nearing completion. 
Work on the new Radio Research Station began this 
year and is expected to be completed in 1955-56. 
The provision for the National Physical Laboratory 
is principally for the commencement of construction 
of a new ship tank (for research and testing on the 
form of ships’ hulls and propellers), which is expected 
to take some four to five years to complete. 


Heavy-Water Reactor (Dimple) at Harwell 

THe United Kingdom Atomic Energy Authority 
has announced that a heavy-water reactor (or atomic 
pile) which has been built at the Atomic Energy 
Research Establishment, Harwell, is now in operation. 
‘Dimple’ is a low-powered thermal neutron research 
reactor. The heavy-water moderator is contained in 
a tank which is surrounded by a graphite neutron 
reflector. Outside this is a concrete radiation shield. 
The reactor fuel is submerged in the heavy water. 
Both the type of fuel and its arrangement in the tank 
can be changed quickly so that what is, in effect, a 
different design of reactor can be built up in a matter 
of a few days. The reactor will only be operated at 
very low power so that its structure does not become 
sufficiently radioactive to prevent the necessary 
handling. The behaviour of the wide variety of 
design can, therefore, be investigated experimentally 
in a relatively short time. The versatility of Dimple 
will make it an extremely valuable tool in the design 
of future power-producing reactors and for measuring 
essential constants in reactor physics. One of the 
first functions of Dimple will be to carry out experi- 
mental work for £.443, the new and more powerful 
heavy-water reactor which is now being built at 
Harwell to provide the high neutron flux essential for 
some research purposes. 


European Atomic Energy Society 
REPRESENTATIVES from eight European Atomic 
Energy Commissions have agreed to establish a 
European Atomic Energy Society (Société Européenne 
d’Energie Atomique). The eight nations represented 
are: Belgium, France, Italy, The Netherlands, 
Norway, Sweden, Switzerland and the United King- 
dom. The chief aim of the new Society is to promote 
co-operation in nuclear energy research and engineer- 
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ing. To achieve this the Society will: (a) promote 
the arranging at regular intervals of international 
meetings for scientists and engineers working in the 
field of peaceful application of nuclear energy ; 
(6) promote the circulation of reports and other 
information of unclassified nature; (c) work for 
standardization of nomenclature and symbols in 
nuclear energy ; (d) promote the study of hazard and 
safety measures arising from the application of 
nuclear energy ; (e) promote publication of nuclear 
energy works, and possibly encourage the establish- 
ment of an international journal in the field; (/) 
establish a centre of information on availability of 
nuclear energy materials and equipment. Partici- 
pation is limited to those nations which have already 
established nuclear energy projects. The statutes 
provide, however, that by unanimous decision of the 
existing members invitations to join the Society may 
be issued to other European Atomic Energy Com- 
missions which, in the opinion of the Society, have 
established such projects. 

The Society was formally established at a meeting 
at the Royal Society in London on June 15, at which 
Sir John D. Cockcroft, director of the Atomic Energy 
Research Establishment of Britain, was elected 
president of the Society for the first year. Mr. 
Gunnar Randers (Norway) was elected executive 
vice-president, and Dr. Bertrand Goldschmidt 
(France) vice-president. The Society will be governed 
by a Council consisting of one delegate from each of 
the eight member organizations. A working group 
under the leadership of the executive vice-president 
will take care of the activities of the Society between 
Council meetings. One of the tasks of the working 
group of the Society is to prepare international 
conferences on the application of atomic energy. 
The difference between the recently formed European 
Atomic Energy Society and the European Nuclear 
Research Centre in Geneva should be noted. The 
Geneva establishment will carry out pure scientific 
research while application of industrial atomic energy 
is explicitly excluded from its activities. The 
European Atomic Energy Society is intended as a 
European forum for promoting the development of 
industrial uses of atomic energv. 


Closing of the Mushroom Research Station, Yaxley, 
and Transfer of Work 


As a@ result of the arrangements made between 
the Mushroom Research Association, Ltd., the 
Glasshouse Crops Research Institute and the Ministry 
of Agriculture, the Mushroom Research Station at 
Yaxley, Peterborough, will close before the end of 
this year, and mushroom research will be resumed 
at the new Glasshouse Crops Research Institute, 
Littlehampton, as soon as suitable buildings and 
equipment are ready. Of the staff at Yaxley, 
Mr. P. B. Flegg, Miss D. G. Gandy and Miss I. I. 
Warman will join the new Institute in due course. 
The director of research, Dr. R. L. Edwards, will 
remain at Yaxley until November 30 to complete 
the cropping experiments now in progress and to 
prepare a final report ; after that he will transfer to 
commercial mushroom-growing and practise as a 
private consultant. After the closing of the Station, 
communications concerning the research programme 
should be addressed to Dr. W. F. Bewley, director 
of the Glasshouse Crops Research Institute, at first 
in Cheshunt, Herts, and later at the new buildings 
in Littlehampton, Sussex. Requests for edvice, 
examination of samples, etc., should be sent to the 
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nearest horticultural officer of the National Agri. 
cultural Advisory Service, who will forward them ty 
his regional laboratory or to the Research Institute 
if necessary. Information concerning international 
conferences on mushroom science can be obtained 
from Dr. R. L. Edwards, at Ratcliffe Lodge, South 
Luffenham, Oakham, Rutland. 


Meteoritics: a New Journal 


From the time of the inception of the Meteoritice! 
Society in 1933, its Notes and Contributions wer 
published regularly in the monthly magazine, Popular 
Astronomy, until December 1951, when that periodica| 
was discontinued. By arrangement of the Council of 
the Society with the University of New Mexico, a 
new publication entitled Meteoritics ; The Journal of 
the Meteoritical Society and the Institute of Meteoritics 
of the University of New Mexico has been established, 
The first number, consisting of an introduction and 
twenty-three articles, appeared in December last year 
and serves as a complete issue for 1953 (pp. 123; 
obtainable from the Secretary of the Meteoritical 
Society, Dr. John A. Russell, Department of 
Astronomy, University of Southern California, Los 
Angeles 7, Cal.; 4 dollars a year). Meteoritics is 
concerned with the investigation of the matter that 
reaches us from space beyond the earth. Prof. F. (. 
Leonard discusses its recent progress and future 
development in a paper which includes an addres 
delivered at the opening of the new Institute of 
Meteoritics—the only establishment of its kind in 
the world—and a list of some fifty problems awaiting 
solution or requiring further research. In response 
to a questionnaire as to the contributions and 
problems thought to be most important, Prof. 
Harrison Brown states his conviction that study of 
trace elements and isotope fractionation will indicate 
the conditions under which meteorites were formed; 
and Dr. F. L. Whipple lists among his major con- 
tributions the absence of hyperbolic meteorites and 
the recognition of planetoidal and cometary types. 
The articles cover a wide range of interests, one of 
the most notable being a systematic study of the 
formation of craters by high-speed particles. The 
new journal, which is attractively printed and illus- 
trated, is expected eventually to become a quarterly. 
The editors and other officers of both the Society 
and the Institute are to be congratulated on an 
initial success which augurs well for the future of 
their enterprise. 


The Starfish 

No. 7 of The Starfish, the journal of the Association 
of School Natural History Societies, has recently 
been published (obtainable from G. I. Crawford, 
18 East Drive, Carshalton, Surrey. 2s. to non: 
members). The journal is edited by G. I. Crawford, 
Major Maxwell Knight and R. S. R. Fitter. It opens 
with a report of the annual general meeting of the 
Association and an account of the exhibition held on 
November 7 at the British Museum (Natural History). 
John Ounsted describes the Botanical Society of the 
British Isles, stressing the facilities it offers to 
juveniles. R. H. Winterbottom (Dulwich College) 
records a winter census of gulls. Michael L. Elliott 
(West Buckland School) gives a fascinating and 
revealing account of how he keeps and studies adders 
in captivity. Patricia Brown (Orange Hill Girls 
Grammar School) describes how trout are kept at 
her school. Christopher N. G. Sell (Bishop’s Stort- 
ford College) and some colleagues have been making 
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observations on moths with the use of a mercury 
vapour light-trap. The fauna of the umbels of cow 
parsnip (Heracleum sphondylium), the majority of 
which was insects, is described by R. G. Pearson 
(Dauntsey’s School). R. William Boardman (Bishop’s 
Stortford College) presents a unique ecological study 
—the cryptogams of a derelict cucumber house. The 
journal concludes with reports from member schools 
and some reviews of natural-history books. 


Wheat Breeding in the Near East 


ATTEMPTS to improve cereal production necessarily 
include a study of host-disease relationships. At the 
third meeting of the United Nations Food and 
Agriculture Organization on wheat and barley 
breeding in the Near East, held recently in Damascus, 
Dr. T. Abdel-Hak gave an account of work at Giza 
Experiment Station on the relative susceptibility of 
wheat varieties to stem rust, bunt and flag smut, and 
on the physiological races of stern rust in Egypt, 
Syria and Turkey. Of 236 varieties of wheat produced 
locally in Egypt or introduced from other countries, 
fourteen proved resistant to all three diseases and 
were thus suitable for future breeding programmes. 
Resistance to stem rust was less general than to bunt 
or smut and also varied with the physiological race 
of rust present, Reliance being the only variety of 
wheat nearly immune to all the stem rusts so far 
isolated in Egypt. Prevalence of the different races 
might change from one year to another. The same 
race (17) had been predominant in Egypt since 1949 ; 
but @ new one (53) isolated in 1950 had greatly 
increased in importance by 1953. Race 17 was also 
predominant in Syria and Cyprus, whereas in Turkey 
race 14 occurred most frequently. Although certain 
races had been isolated in Turkey or Syria which 
had so far not been found in Egypt, in general there 
was a great similarity both in the occurrence and 
prevalence of wheat stem rusts in all the Near East 
countries. This might indicate uredospore migration, 
and both further research and co-operation between 
the various countries in the region are needed to 
determine the true facts of the case. 


Entomology and Public Opinion 

THE United States Department of Agriculture has 
produced an excellent booklet describing the work of 
professional entomologists. The booklet has been 
designed particularly to help the layman to under- 
stand the part played by ‘pure’ and ‘applied’ 


entomology in his everyday life. Its opening page 
shows a Dakotan farmer looking at a field of corn 
which has been devastated by locusts ; such incidents 
happened in the Dakotas in 1932. They have not 
happened since, and the rest of the booklet, with 
arresting pictures and prose, describes the reasons. 
The protection of food from insect pests, the virtual 
elimination of yellow fever and malaria, the rare 
occurrence of plague, typhus and relapsing fever, 
protection against clothes moth and other insect 
pests in the home, are some of the topics used for 
illustrating the work done by government and other 
entomologists in the United States. Existing research 
projects in entomology are also described in a booklet 
which is to be commended as a means of helping the 
layman to understand the nature and purpose of 


science. 


Application of the Electrical Potential Analyser 


ResearcH Report No. 22 of the Aluminium 
Development Association (pp. 24; from the Associa- 
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tion, 1953; 7s. 6d.) contains a description of an 
electrical potential analyser for the solution of the 
problem of the determination of the torsion con- 
stants for bulbs and fillets such as may be used in 
structural sections. The report is by P. J. Palmer, 
and the work was part of the investigations sponsored 
by the Development Association and conducted by 
Prof. 8. C. Redshaw at the University of Birmingham. 
The solution could have been obtained by the use 
of the methematical relaxation method or by the 
experimental soap-film method; but the electrical 
analogy method, which is really the electrical equiva- 
lent of the relaxation process, is simple, rapid and 
accurate and requires little skill in operation. The 
electrical potential corresponds to the mathematical 
stress function. After a brief introduction and an 
outline of the mathematics of the torsion problem, 
the report describes the analyser and the operation 
of the apparatus and then gives a series of test 
results. These are presented in the form of curves 
and tables and relate to a number of sections including 
angle fillets, 7'-junction fillets, single- and double- 
sided bulbs, and sections and fillets with unequal web 
thicknesses. For one of the test sections a detailed 
comparison between the relaxation and analyser 
solutions is given. The accuracy of the results 
obtained, about 5 per cent, is discussed, and it is 
stated that this could be still further improved if a 
larger number of internal points were used and if 
the accuracy of the external electrical resistances 
were higher. 


Announcements 


WE regret to announce the following deaths : 

Sir Henry Clay, warden during 1944—49 of Nuffield 
College, Oxford, and president in 1929 of Section F 
(Economics) of the British Association, on July 30, 
aged seventy-one. 

Mr. H. E. Dale, C.B., principal assistant secretary 
during 1927-35 to the Ministry of Agriculture and 
Fisheries, author of books on the higher Civil Service 
in Great Britain, on July 30, aged seventy-eight. 


Dr. G. W. A. Dick, of the Medical Research 
Council, National Institute for Medical Research, 
London, has been appointed to the chair of bac- 
teriology in The Queen’s University of Belfast. The 
following have been appointed lecturers in the 
University : Colonel D. R. Crone, civil engineering 
(surveying); and Dr. A. D. E. Pullin, physical 
chemistry. 

Tue Association of Agriculture and the Burton 
Manor Residential College for Adult Education, 
Burton-in-Wirral, Cheshire, are arranging a course 
on “Biology and Geography’’, to be held at the 
College during August 24-27. One day will be 
devoted to biological aspects with emphasis on 
agricultural crops and animal husbandry, and on 
another the main theme will be geography, in par- 
ticular the changing pattern of the countryside and 
the specialized area of dairying districts of Cheshire. 
There will also be a number of excursions. The course 
is designed primarily for teachers of rural studies, 
but should also appeal to all those interested in the 
countryside. The inclusive fee, including accom- 
modation, is £3 15s. Application forms, to be returned 
by August 18, can be obtained from the General 
Secretary, Association of Agriculture, 238-240 Abbey 
House, 2 Victoria Street, London, 8.W.1. 





NATURE 


RESEARCH AND DEVELOPMENT 


August psi 1954 VoL, 174 


IN ALUMINIUM 


BANBURY LABORATORIES OF ALUMINIUM LABORATORIES LTD. 


LUMINIUM LABORATORIES LTD., a sub- 
sidiary of Aluminium Ltd., was formed in 1936 
to carry out research, development and exploration 
for the Aluminium Ltd. group of companies. In 1938 
the Banbury Laboratories of the company were built, 
with the responsibility for research on the problems 
of fabrication and utilization of aluminium. -The 
Second World War curtailed the activities at Banbury, 
the laboratories being taken over by the Ministry of 
Aircraft Production, and another similar laboratory 
was built at Kingston, Ontario; in 1950 the Arvida, 
Quebec, laboratory was completed to carry out re- 
search in the fields associated with the extraction of 
the metal. When work at Banbury restarted in 1946, 
it soon became plain that the accommodation would 
not be sufficient for the volume of work which was 
envisaged as a result of the expansion of the aluminium 
industry during the War. A large programme for 
extending the premises was therefore drawn up, and 
these extensions were finally completed in June last. 
- Carried out at a cost of £300,000, they have trebled 
the floor area, giving a present total of 65,000 sq. ft. 
The main features of the extensions are a new two- 
storied north wing, 345 ft. long, housing laboratories, 
offices and library, and a single-story experimental 
block with facilities for structural testing and the 
building of prototype plant and equipment. Every 
care has been taken in the design of the new pre- 
mises, by Sir Percy Thomas and Son, to provide 
adequate facilities for the varied types of experi- 
mental work carried out. For example, the labora- 
tories and offices are heated throughout by radiant 
ceiling panels to allow full use of the floor space ; 
they are built on a modular principle with movable 
partitions which can be re-arranged to meet future 
needs, and all requisite services are built into the 
laboratory benches. Where necessary, air extraction 
and forced ventilation are provided, and full air- 
conditioning is supplied to certain laboratories where 
control is desirable. 

The work carried out at Banbury is of two types— 
research and service. The service work may be taken 
to include work in the patents field, or in solving the 
technical problems of associated companies, or in the 
wider field of development of uses for aluminium. The 
research work, although directed principally to in- 
dustrial needs, includes an important proportion of 
background work intended to add to the basic store 
of knowledge about aluminium and thus assist in the 
solution of future industrial problems. 

There are approximately a hundred members of 
the Research Department, including about thirty-five 
graduates, divided into four groups; chemists, 
engineers, metallurgists, and physicists. While each 
group has its own field of activity, there are many 
problems requiring co-operative effort, leading to joint 
work by the groups. Examples of this are lubricating 
problems in metal deformation, where chemists and 
engineers work together, and alloy development, 
which is a problem tackled jointly by physicists and 
metallurgists. In this short article it may be sufficient 
to indicate the main interests of the different groups, 
bearing in mind that similar and complementary 


work in most of these fields is carried out by the sistor 
laboratory at Kingston, Ontario. 

Among the more important researches on. which 
the metallurgists are engaged may be mentioned the 
study of the continuous casting process, with par- 
ticular emphasis on the thermal conditions present 
in the cast shape and their relation to the stress:s 
induced in it. Other metallurgists are working on 
textural problems such as grain size and the ‘eariny’ 
of those sheet alloys intended for pressed and drawn 
parts. In addition, metallurgists and physicists are 
jointly exploring the application of modern physical 
metallurgy concepts to alloy formation. In this 
investigation, as in many others, there is continuing 
co-operation and discussion with the universities. 

The Chemistry Division, while supporting a certain 
amount of analytical research, has a particularly 
strong interest in surface chemistry. Work is active 
on lubrication and, while the engineers are interested 
in the mechanism of lubrication, the chemists are 
studying the formulation and chemical behaviour of 
different mixes, the objects being to solve the prob- 
lems encountered in the use of cold-rolling lubricants, 
which sometimes give stains when coiled strip is 
annealed, and to meet the special requirements for 
hot-rolling lubricants. Another aspect of the Chemistry 
Division’s work is the investigation of the various 
surface treatments used on aluminium, such as 
brightening, anodizing and dyeing, and electroplating. 
A pilot plant for the study of the processes involved 
in the milling, filtering and preparation of aluminium 
paste pigment has also been provided in the new 
extensions. 

In the Engineering Division considerable attention 
is still being devoted to the problem of metal fatigue, 
including the behaviour of built-up members and 
structures, and several useful contributions have been 
made to the literature of the subject; particular 
attention has been paid to the development of testing 
with resonance methods of inducing vibration by the 
use of the slipping clutch. Work on the mechanism 
of metal deformation during fabrication and sub- 
sequent conversion into end-products is also being 
earried out. This has as its objectives the improve- 
ment of the efficiency of fabricating processes, such 
as rolling, extrusion and forging, and the establish- 
ment of a sound theoretical basis for the forming 
operations (for example, pressing and deep drawing) 
of interest to the user. The work of the structural 
research section is both theoretical and practical, 
and the equipment includes a test rig in which 
structures up to 40 ft. long and 7 ft. 6 in. wide can be 
tested. 

The activities of the Physics Division include re- 
search on the mechanism of heat transfer and propa- 
gation of energy in and through aluminium. The 
latter has grown out of a war-time interest in the 
non-destructive testing of sheet ingots and extrusion 
billets by ultrasonic inspection methods. Research 
in this direction has continued; several improved 
techniques are being devised, and fundamental work 
on the subject has thrown light on phenomena such 
as the recrystallization of cold-worked aluminium. 
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The heat-transfer studies are of interest both to the 
fabricator, in connexion with the heating and cooling 
of metal, and to the user, in applications where the 
properties of aluminium as a thermal insulating 
material are of value. A further important section of 
the Physics Division is devoted to instrumentation. 
This not only makes electronic and other equipment 
for use in the Research Department but also appraises 
commercial equipment for associated companies. 

Although much of the development work on utiliza- 
tion is undertaken by the fabricating companies 
themselves, problems frequently arise which call for 
the resources of an industrial laboratory. The Tech- 
nical Service and Development Department is respon- 
sible for dealing with these problems on behalf of 
associated companies or their customers. The Depart- 
ment has a staff of about forty, including ten gradu- 
ates. It deals with a variety of day-to-day and long- 
term problems, the chief of which are metal working 
and joining, and canning. The welding section, for 
example, is equipped with a variety of inert-gas 
shielded arc-welding equipments and is able to give 
information, advice and instruction on their use. 
Another important aspect of the Department’s work 
is the development of aluminium containers for the 
canning of food and beverages. The canning section 
is engaged on studies of the design, manufacture, use 
and testing of aluminium cans, and is equipped with 
pilot plant for carrying out all the operations, from 
the pressing of the cans to the testing of the canned 
product. 

One of the most prominent features of the exten- 
sions is the new library and filing centre, which pro- 
vides access to technical literature of all kinds, both 
from its own stocks and by reciprocal arrangement 
with other libraries. 

With the completion of these new extensions, 
Aluminium Laboratories Ltd., Banbury, is now able 
to undertake the increasing volume of technical work 
resulting from the current expansion of the aluminium 
industry, and in association with its sister laboratories 
in Canada it is contributing to the solution of many 
of the fundamental and day-to-day problems en- 
countered in the fabrication and utilization of the 
metal. 


HENRY SALVATORI LABORATORY 
OF GEOPHYSICS, STANFORD 
UNIVERSITY, CALIFORNIA 


By Prot. JOSHUA L. SOSKE 


HE dedication of the Henry Salvatori Laboratory 

of Geophysics in the School of Mineral Sciences 
at Stanford University, California, on May 15 marked 
a significant step in the development of joint indus- 
trial-educational efforts to advance the relatively 
young science of geophysics. The new Laboratory is 
the gift of Mr. Henry Salvatori and the Western 
Geophysical Company of Los Angoles, California, of 
which he is president. It is one of several such major 
gifts by Mr. Salvatori and his Company to the 
University, another having been his establishment of 
the Henry Salvatori associate professorship in geo- 
physics in 1951, which the present writer holds. In 
speaking at the dedication ceremonies, Mr. Salvatori 
expressed the conviction that the support thus far 
given Stanford University in geophysics should be 
but the beginning of much more widespread support 
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of educational efforts in the discipline. He is a 
pioneer in geophysics, and is a co-developer of the 
reflexion seismograph method of prospecting for oil 
and gas. 

The Laboratory is a striking example of the 
growing tendency of industry in the United States 
to attempt, through the support of higher education, 
to achieve two broad goals: first, to discharge its 
responsibility to education whence most of its trained 
leaders come, and second, to ensure future growth 
by encouraging both research and the continued 
production of highly trained personnel. Economic 
geophysicists are particularly aware that it is educa- 
tion to which they must look for persons to utilize 
present techniques, to develop new techniques through 
research, and to develop administrators of both 
research and operations within their own organiza- 
tion. 

In short, a company engaged in exploratory geo- 
physics is no better than the individuals who operate 
it; and since the bulk of these persons come from 
the colleges and universities, it seems quite proper 
that the company should co-operate in the develop- 
ment of basic research and curricula in geophysical 
engineering. The generous support of Mr. Salvatori 
and the Western Geophysical Company indicates 
their belief that half-measures will not accomplish 
their purposes. 

Basically, the objectives both of the University 
and of industry are so simple they may be described 
in two phrases: the development of professional 
attitudes and the production of graduates in geo- 
physics with professional competence. The first 
deals with the responsibility of the geophysicist to 
his employer or client and to the general public 
welfare. The second deals with the possession of 
technical knowledge and skills necessary for the 
geophysicist working in either economic or scientific 
fields. 

In a broader sense, this will require that students 
of geophysics be subject to at least four distinct areas 
of education. These areas are listed in the order of 
exposure which Stanford proposes : 

(1) In the School of Humanities the student will 
secure the training necessary for clear, forceful and 
productive thinking required in analysing problems 
and arriving at solutions. Here he will also learn 
how to express his findings effectively in both written 
and oral form. 

(2) In the Department of Mathematics the student 
will become familiar not only with techniques but 
also with deductive reasoning, logic and precision. 

(3) The third area consists of the fundamental 
sciences, such as geology, physics, chemistry, elec- 
tronics and general engineering principles. Emphasis 
is to be placed upon the particular subject most 
directly concerned with the branch of geophysics 
chosen by the student. At Stanford University the 
geophysics student is particularly fortunate in the 
strength of the faculties in these related fields. 

(4) The fourth area involves both the general and 
specialized training in exploratory geophysics. A 
curriculum has been designed with sufficient flexibility 
to provide the orientation necessary for both the 
physics-inclined and the geology-inclined students. 

In summary, these are the objectives of the planned 
programme of the Division of Geophysics at Stanford, 
in the order of their importance : 

(1) The primary purpose is to provide theoretical 
and practical training for engineers and scientists in 
the field of geophysics. During instruction, emphasis 
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is placed upon the requirements for exploration 
geophysicists by basic industries, educational in- 
stitutions and government agencies. The world’s 
basic industries alone employed 1,100 geophysical 
parties full-time during 1953, at an approximate cost 
of 400,000,000 dollars. The importance of this 
activity is plainly evident in the fact ‘that half the 
known oil reserves of the United States have been 
discovered with the aid of geophysical techniques. 
Yet it is estimated that fewer than two hundred 
students trained in this science graduated from 
colleges and universities of the United States in 1953. 
This places the present supply of geophysicists com- 
pletely out of proportion to the demand. 

(2) The second purpose is to make available to 
students in all branches of the School of Mineral 
Sciences at Stanford University the opportunity of 
becoming familiar with the fundamental concepts of 
modern methods of geophysical prospecting. The 
wide acceptance of the techniques of applied geo- 
physics as an important tool of the exploration 
geologist suggests the necessity that at least an 
elementary understanding of them be made a part 
of the education of every geologist. 

(3) The third objective is to encourage and to 
carry on creative research in geophysical exploration 
methods. The Salvatori Laboratory provides 
facilities which will permit this research, both pure 
and applied. There is abundant opportunity for 
interested individuals and commercial firms to aid 
in the acceleration of this search for basic know- 
ledge so important to the future of geophysics. 


EXPERIMENTS ON ARTIFICIAL 


STIMULATION OF RAIN IN EAST 
AFRICA 


By D. A. DAVIES 
Director, East African Meteorological Department 


N previous communications'-?, descriptions were 

given of experiments on the artificial stimulation 
of rainfall carried out in 1951 and 1952 at Kongwa, 
Tanganyika. The results of these experiments have 
been published as Memoirs of the East African 
Meteorological Department*-*. Two further series of 
experiments in East Africa can now be described ; 
a full report is in preparation. 

The seeding agent used throughout was finely 
ground hygroscopic salt (mainly common salt) and 
the method of seeding was the hydrogen-balloon 
method already described?. 

In the earlier experiments the analysis of the results 
was based on the readings of the close grid of rain- 
gauges which covered the area. This method has the 
advantage of being entirely objective. In the two 
series of experiments under consideration it was not 
possible, for a number of reasons, to install a similar 
grid of rain-gauges, and the results of the experiments 
are based on the personal observations of the field- 
officer conducting the experiments. In most cases 
this officer was a meteorological assistant of the East 
African Meteorological Department chosen for his 
exceptional competence in meteorological observa- 
tional work, and who was given special training for 
this work. For short periods scientific officers of the 
Meteorological Department were present and, on 
some occasions, officers of other Government depart- 
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ments conducted experiments after having received 
necessary instruction. As will be seen later, there is 
remarkable consistency between the results obtained 
by all observers. 

The first series of experiments was conducted at 
Amboseli in southern Kenya during the period 
October 18—December 12, 1953. Balloons were re- 
leased whenever large cumulus clouds were preseiit. 
The aim was to release up to five balloons into each 
cloud, each balloon carrying about 15 gm. of fincly 
ground hygroscopic particles. Dispersal of the par- 
ticles was effected by the explosion of a small charge 
of gunpowder, ignited by a time-fuse. The length 
of the time-fuse was adjusted to cause dispersion just 
above the base of the cloud. On days when no large 
cumulus clouds appeared, no experiments were 
conducted. 

During the period of 56 days, seeding took place on 
25 days and the total number of cloud seedings was 
29. On five occasions the balloons missed the target 
cloud, leaving 24 occasions of useful experiments. On 
19 of the 24 occasions, rain was observed to fall from 
the seeded cloud. The rain was described as light or 
very light on 16 of the 19 occasions ; moderate on 
two occasions ; and heavy on one occasion. On four 
of the occasions when the rain was described as very 
light, it evaporated before reaching the ground. The 
interval between the explosion and the observance of 
rain ranged from 16 to 38 min. (mean 26 min.), and 
the duration of the rain from 3 to 55 min. (mean 
15 min.). 

The five occasions out of the 24 on which rain did 
not follow the explosions are of interest. On four of 
these occasions rain was falling from the cloud before 
the explosion took place and in all four cases the rain 
was reported to have decreased in intensity shortly 
after (7-30 min.) the explosion, but later to have 
become more intense again. On one occasion there 
was a temporary cessation of rainfall. On the remain- 
ing occasion two balloons were released into a large 
cumulus which broke up after 20 min. 

On the five occasions that the balloons missed the 
target cloud they entered smaller clouds on four 
occasions, and in all cases the clouds were reported as 
having dispersed. On the fifth occasion the balloon 
exploded in mid-air and a small cloud was seen to 
form in the vicinity shortly afterwards. 

The experiments so far referred to were all con- 
ducted by staff of the East African Meteorological 
Department. During the same period, seven experi- 
ments were carried out in an adjacent region near 
Kajiado by a European game ranger, who states that 
the experiments “took place on days when the whole 
visible horizon was free from rain squalls, so prevalent 
at this time of year, and were finally halted with the 
advent of the ‘short’ rains in the District”. The clouds 
chosen for seeding were generally large cumulus 
clouds, but on one occasion the sky was completely 
overcast and the clouds may have been thick strato- 
cumulus (possibly with cumulus embedded). The 
results reported by the game ranger were that on five 
of the seven occasions rain was observed to fall from 
the seeded cloud between 15 and 30 min. after the 
explosion of the charges; on one of these occasions 
the rain was reported as not reaching the ground. No 
results were obtained on the other two occasions. 
The falls of rain were again generally light; but on 
one occasion a heavy storm developed. 

Turning now to the second of the experiments, these 
were conducted at Dodoma, in Tanganyika, during 
the period January 3~March 31, 1954. The procedure 
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regarding the selection of clouds on which to experi- 
ment was essentially the same as for the earlier 
experiments described above. 

During the period of 88 days, seeding took place on 
36 days and the total number of seedings was 44. On 
11 occasions the balloons missed the target cloud, or 
the target cloud had started to disperse before the 
explosion took place, leaving 33 occasions of useful 
experiments. On 23 of the 33 occasions, rain was 
observed to fall from the seeded cloud. The rain was 
described as light or very light on 20 of the 23 occa- 
sions ; moderate on one occasion ; and heavy on two 
occasions. On five of these occasions when the rain 
was described as light or very light, it was reported 
as evaporating before reaching the ground. The 
interval between the explosion and the observance of 
rain ranged from 13 to 35 min. (mean 23 min.), and 
the duration of the rain from 4 to 28 min. (mean 
14 min.) ; but on one occasion rain was reported as 
recommencing shortly after the first shower and 
lasting several hours. 

On 10 oceasions out of 33 on which rain did not 
follow seeding, or if it occurred was unlikely to be due 
to seeding, are of interest. On one of these rain was 
already falling from the cloud before the explosion, 
and on this occasion the rain ceased 10 min. later. 
On another occasion there was rain which by virtue 
of the wind direction was probably not connected 
with the experiment. On a third occasion there was 
rain from the target cloud; but the close proximity 
of other precipitating clouds makes it doubtful 
whether the seeding had caused the rain. On the 
remaining seven occasions the cloud was observed to 
break up and disperse. 

Of the 11 occasions (out of the total of 44) on which 
for various reasons no rain stimulation was to be 
expected, two resulted in the dispersal of a small 
cloud which was not the target cloud, four resulted in 
the accelerated dispersal of the target cloud which 
was already dispersing, one did not appear to ex- 
pedite the dispersal of an already dispersing cloud, 
three exploded in clear air because the target cloud 
had vanished, and one did not produce an explosion, 
presumably because the fuse was extinguished. 

The Dodoma experiments just described were 
carried out by staff of the Meteorological Department. 
Another series of similar experiments was, however, 
carried out at Dodoma in December 1953 by a 
European government officer. The full report from 
this officer has been delayed by sickness and is still 
awaited ; but in discussion he stated that light rain 
occurred on most occasions 20-40 min. after the 
explosion. 

On several occasions, in both the main series of 
experiments, changes in the colour of the cloud were 
reported in the vicinity of the explosion. In most 
cases dark grey turned temporarily to patches of 
light grey; on a few occasions brown patches or 
streaks were reported. 

An analysis of the effect of the number of balloons 
used shows that in almost all cases when three or 
more charges were released into the cloud, rainfall 
was afterwards observed ; in most cases where one 
was released the clouds were small and dispersal 
followed. The significance of this should not be over- 
estimated, since there was a natural tendency for 
fewer balloons to be released when chances of success- 
ful stimulation seemed less. For example, if after the 
first balloon or second balloon had been released the 
cloud showed sign of dispersing, no further balloons 
were released. 
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With regard to the five occasions when the balloon 
entered a cloud from which rain was already falling, 
the seeding of these clouds was in all but one occasion 
intentional, the aim being to determine the effects of 
sgeding on such clouds. On that occasion the balloon 
missed the target cloud and entered the rain cloud. 

In assessing the significance of these experiments 
it is important to bear in mind the limitations of the 
method of observing the results which had perforce 
to be adopted. This method consisted essentially of 
visual observation, by the officer conducting the 
experiments, with the assistance of binoculars. The 
readings from a sparse network of rain-gauges were 
also available in both series of experiments and were 
of some assistance. Within these limitations every 
possible care was taken. The time of release of each 
balloon, the time of explosion, the time of commence- 
ment and the duration of rain downwind from the 
point of release of the balloon and the distance and 
azimuth of the point of first occurrence of the rain 
were all carefully recorded. Details of the observed 
changes in the seeded cloud and the apparent intensity 
of the rain were also recorded, together with any other 
information which seemed relevant. Surface and 
upper winds were measured by pilot balloons. 

Having regard to all these considerations, it is 
thought that the figures quoted above for the fre- 
quency of observed rainfall following the seeding are 
adequate to justify the conclusion that the cloud 
seeding did stimulate rainfall on the majority of 
occasions, but that such rainfall was generally very 
light or light. This conclusion tends to be supported 
by the fact that the results show several points of 
similarity with those of the earlier experiments at 
Kongwa in 1952, which were carried out using the 
same technique but with a different method of 
assessing results. 

In the 1952 Kongwa experiments there was an 
increase in total rainfall on days of seeding at a dis- 
tance downwind from the fixed point of release of 
the seeding agent corresponding to a time interval of 
about 30 min. On some occasions at Kongwa, seeding 
resulted in dispersion of small cumulus clouds. In 
addition, the Kongwa experiments suggested ‘that 
the introduction of such (hygroscopic) particles into 
large cumulus clouds may produce an immediate 
interference with the rain-producing processes in 
such clouds, and that this effect might result in a 
reduction of rain in the immediate vicinity”. All 
these points seem consistent with later experiments. 

The theoretical interpretation of the experiments 
will be discussed in the report being prepared; but 
it may be said that, making reasonable assumptions 
regarding certain cloud parameters, the theoretical 
time of occurrence of the rain based, for example, 
on Bowen’s collision process theory’ shows reasonable 
agreement with the observed values. If it is assumed 
that the average cloud-droplet diameter is 20, the 
liquid water content 1 gm./m.*, the upward air 
velocity 1 m./sec. and the initial diameter of the drops 
formed by the hygroscopic particles 100 up, then the 
time at which rain should appear from the base of the 
cloud is about 22 min. The amounts of rain which 
fell on some occasions are, however, too great to be 
accounted for by Bowen’s theory unless the assump- 
tions regarding the cloud parameters are seriously in 
error. The assumed value of 1 m./sec. for the vertical 
velocity of the rising air current in the cloud may 
well be too low in certain cases, and this would have 
@ significant effect on the amount of rain resulting. 
Alternatively or additionally, a chain reaction due to 
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breaking up of drops‘ and/or a turbulence effect’ may 
have been operative, neither of which is provided for 
in Bowen’s theory. 

It is hoped to conduct further experiments this year 
using similar techniques. In these experiments it is 
proposed that the particle size of the hygroscopic 
substance shall be reduced to about 20 yu diameter, 
with the object of producing water drops in the cloud 
initially of about 50 y diameter. The particle size 
hitherto used has been mainly between 50 p and 75 up, 
which results in water drops at least 100 » diameter. 
This revised procedure should result in more rain 
being produced, but after a longer time interval. 
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DUTCH-NORWEGIAN JOINT 
ESTABLISHMENT FOR NUCLEAR 
ENERGY RESEARCH 


REPORT FOR THE YEAR 1952-53 


HE Joint Establishment for Nuclear Energy 

Research (JENER), which was set up in April 
1951 jointly by the Netherlands and Norway for the 
purpose of carrying out research and development 
work in the field of atomic energy, is supported 
financially by the governments of the two countries 
and by private industry. The Establishment is 
governed by a joint commission consisting of three 
representatives from the Netherlands and three from 
Norway and is directed by Mr. Gunnar Randars. 
The organization’s research establishment and labora- 
tories are situated at Kjeller, fifteen miles north-east 
of Oslo, Norway, and include the heavy-water- 
moderated uranium reactor, Joint Establishment 
Experimental Pile (JEEP), which is now in continuous 
operation. The second annual report of the Estab- 
lishment, which has now been published*, gives full 
details of the progress made during 1952-53. 

The factual report is preceded by the text of the 
opening address which Mr. Randars delivered at the 
international conference on heavy-water reactors held 
at Kjeller and Oslo during August 11-13, 1953, and by 
a short descriptive article on recent developments in 
radioisotope production and application in Norway. 
In his address, Mr. Randars explained that the main 
purpose of the conference was to hear the opinions of 
scientific workers as to the possibilities and difficulties 
of the particular approach adopted by Norway to the 
study of atomic energy, namely, by working exclus- 
ively with heavy-water reactors and natural uranium. 
It is not known whether reactors with natural uranium 
are practical for use in industry; but Mr. Randars 
asserted that, so far during the work at the Establish- 
ment, nothing has been found to rule out the possi- 
bility. The cost of fuel in a natural uranium reactor 
is approximately the same as in an enriched reactor ; 
but the extremely high cost of heavy water presents 

* Joint Establishment for Nuclear Energy Research. Second Annual 


Report, 1952/53. Pp. iv+41. (Blindern, Oslo: Akademisk Tryknings- 
sentral, 1953.) 
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a real problem for the future of heavy-water reactors, 
Mr. Randars outlined his reasons for the selection of a 
heterogeneous reactor—that is, one with uranium 
rods in heavy water—and pointed out that in such a 
reactor 1 per cent of the uranium could be burnt. He 
said that at Kjeller they are considering the con- 
struction of a heterogeneous heavy-water reactor to 
produce up to 25,000kW. This reactor would use 
10 tons of uranium, be cooled by heavy water at a 
temperature slightly above 200° C. and at a pressure 
of 35 atmospheres, and be moderated by heavy 
water at approximately 60° C. Attached to the 
boiler there would be a saturated steam turbine of 
about 25 per cent efficiency. The insulating material 
between the hot circulating heavy water and the 
cooler moderator might be beryllium oxide. It was 
hoped that the money for the venture would 
be forthcoming, but in the meantime considerable 
progress is being made with the design of the 
reactor. 

The annual report mentions that since September 
1952 JEEP has been in almost round-the-clock opera- 
tion for five days a week—during ordinary staff 
working-hours for experimental work by the scientific 
staff, and at other times at maximum power-level for 
isotope production. In order to compensate for the 
heavy load of isotope material, two additional fuel 
rods, making a total of sixty-four, have been inserted 
in the reactor. The shielding has also been improved, 
and a mechanical system for extracting fuel rods has 
been constructed in addition to a storage cell for hot 
rods. Methods of visual inspection of the rods and of 
the inside of the reactor have been developed, and a 
permanent unit for recombination of dissociated 
heavy water built and installed. The extraction of 
heat from the reactor takes place in two stages, first 
from the heavy water to ordinary water and then 
from the ordinary water to free air. The hot air was 
originally discharged into the atmosphere, but now 
the heat from the air has been harnessed and utilized 
to heat the reactor hall. The extension to the reactor 
building to house new laboratories and offices was due 
for completion in September last. 

Steady progress has been maintained with the 
equipping of the chemical laboratory, and an adequate 
staff has now been built up. The spectrographic 
laboratory is fully equipped, and some metallurgical 
research has been commenced. The constant surveil- 
lance of the heavy water in the reactor and some pre- 
liminary research work in transuranium chemistry are 
two of the main activities of the Chemistry Depart- 
ment which are specifically referred to in the annual 
report. 

Work in the Physics Department has been directed 
more and more towards pile neutron physics, and the 
Kjeller reactor has proved to be a useful tool for 
physics research. The equipment and facilities avail- 
able for neutron spectroscopy and neutron diffraction 
are described and illustrated in the report, in addition 
to the pile oscillator, gamma spectrograph, pulse 
height analyser, beta spectrometer and mass spectro- 
meters. For the routine production of radioisotopes, 
resulting in a hundred and forty isotope shipments 
and service irradiations for customers outside the 
Establishment, and ninety-seven for the use of the 
Establishment’s own staff, the reactor has been 
operated at an energy-level giving 1-5 x 10" 
neutrons/cm.?/sec. thermal neutron flux in the isotope 
channels and about eighty hours of effective irradia- 
tion time per week. Deliveries of carrier-free iodine- 
131 commenced in February 1953, and radioactive 
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gold was expected to be ready for production by the 
end of the year. The preparation of organic compounds 
labelled with carbon-14 has been continued, and some 
fifteen compounds are now available. In the autumn 
of 1952 a regular consultative service was started by 
the lsotope Department for Norwegian industry, and 
details of the various industrial firms and the in- 
vestigations undertaken with the particular isotopes 
used are listed in the annual report. 

The final sections of the report deal briefly with 
reactor development ; health physics; the informa- 
tion service and its publications ; the accounts of the 
Establishment for the period July 1, 1952—June 30, 
1953; the personnel in the various departments ; 
and the various scientific meetings and conferences 
attended by members of the staff of the Establishment 
during the period under review. 


BRITISH HYDROMECHANICS 
RESEARCH ASSOCIATION 


ANNUAL REPORT FOR 1952-53 


HE sixth annual report of the British Hydro- 

mechanics Research Association, covering the 
period October 1952-September 1953*, records satis- 
factory development in both the activities and 
finances of the Association. Although the scale of 
operation is modest, it is stated that the Association’s 
technical prestige has risen considerably and that. it 
is being consulted as an authority on fluid mechanics 
by a widening range of industries. 

The first five-year period of government grant-aid 
expired at the end of the year under review, and an 
application for its continuation and augmentation 
submitted to the Industrial Grants Committee was 
received sympathetically. However, the new grant, 
although rising to a higher maximum than the 
original, is not so favourably proportioned ; for the 
first £18,000 of income the grant is £9,000 and then 
£75 per £100 up to a maximum additional grant of 
£9,000. It is expected that subscriptions from 
present members for 1953-54 will exceed the 
minimum grant-earning figure. 

The two visitors to the Association, Brigadier 
R. A. Bagnold and Prof. L. Rosenhead, appointed 
by the Department of Scientific and Industrial 
Research, continued to take a keen interest in the 
activities of the Association and to attend meetings of 
the Council and research committees. During the 
year the constitution of these committees was 
revised, and those formerly dealing with funda- 
mental fluid mechanics, instruments, and pipe-flow 
problems were combined into a single committee 
dealing with non-machinery problems, while the 
other research committees were enlarged. Details of 
these committees, together with a list of their 
members, and of the ordinary and associate members 
of the Association, are given in the report. 

The staff of the Association has been increased 
and now numbers thirty-three, the senior staff con- 
sisting of the director of research, Mr. L. E. Prosser ; 
the deputy director of research, Mr. R. C. Worster ; 
five research engineers and one junior research 
engineer; the secretary and the librarian. From the 

* British Hydromechanics Research Association. Sixth Annual 


Report, October 1952 to September 1953. Pp. 26. (From the Associa- 
tion, Nettleswell Road, Harlow, Essex.) 


NATURE 259 


research work undertaken since the Association’s 
laboratory was opened in 1951, much useful informa- 
tion has emerged, particularly in relation to sump 
design, pulsating flow metering, pre-rotation in 
centrifugal pumps and the precision manometer. 
Some of the more recent work and of the results 
obtained are briefly described in the annual report. 
Instruments for the metering of pulsating flows have 
been successfully developed, and preliminary work 
with simple suction-pump layouts has been extended 
to models of actual or proposed installations. The 
collection and study of data on the friction loss in 
pipes and fittings have now been completed. A 
technical note dealing with the pressure surges 
resulting from a failure of the power supply to a 
pumping set has recently been published and, as 
little information is available on the subject, work 
has been started on an investigation of the rate 
of gas release from liquids when the pressure is 
reduced. 

There is considerable interest in the hydraulic 
transport of large coal, and the Association has 
accordingly undertaken an extensive investigation 
of the basic hydraulic process involved. The results 
obtained so far indicate that the hydraulic transport 
of coal on a large scale should be economic over 
distances of several miles. A promising application 
is the vertical transport of coal from the pit bottom 
or working face to the surface, and the main practical 
problem of raising the mixture of coal and water to 
the required pressure is being tackled by the develop- 
ment of a coal feeder for delivering the coal into a 
pipeline where the water has previously been raised 
to high pressure by conventional means. 

Fuller information about the various investigations 
can be obtained from the numerous technical notes, 
research reports and published papers of the research 
staff of the Association, a complete list of which is 
included in the annual report. 


INSTITUTE OF PHYSICS 


ANNUAL REPORT FOR 1953 


HE thirty-fourth annual report of the Board of 

the Institute of Physics, covering the work of 
the Institute during 1953 (obtainable from the 
Institute at 47 Belgrave Square, London, S.W.1), 
records that the Board of the Institute met six times, 
and its various standing committees twenty-four 
times, during the year. The membership increased 
by 248 to 4,595. Applications for election or transfer 
to the various grades of membership of the Institute 
received during 1953 numbered 581, compared with 
651 in the previous year. The degrees of a further 
four universities, in particular the newly established 
degree in applied physics of the University of Man- 
chester and the associateship in applied physics of 
the Royal Technical College, Glasgow, were recog- 
nized by the Board, and two technical colleges which 
had applied for extension of recognition were visited 
by representatives of the membership and examina- 
tions committee. Seven of the thirty-two candidates 
for the graduateship grade of membership of the 
Institute were successful; for the National Certi- 
ficates in applied physics the numbers of candidates 
continued to increase, being 151 candidates for the 
ordinary level and 55 for the higher certificate, 
compared with 137 and 33, respectively, in 1952. 
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The circulation of the Institute’s two journals, the 
Journal of Scientific Instrumenis and the British 
Journal of Applied Physics, increased during the 
year, and there was a further improvement in the 
advertisement revenue. The last three monthly 
issues of the 1953 volume of the Journal of Scientific 
Instruments were enlarged in order to reduce the 
delay in publication of original contributions, and 
provision has also been made for similar enlargement 
of the British Journal of Applied Physics during 1954 
both to reduce delay in publication and to extend 
the scope of the Journal. The twelve issues of the 
Institute’s Bulletin (issued to members only) included 
summaries of some of the meetings of the Education 
Group, the Board’s reports on “Problems concerning 
the Education of Physicists” (afterwards re-issued as 
a@ pamphlet) and on “Summary of Salaries and 
Enrolments”, in addition to a number of important 
articles based mainly on lectures delivered at 
meetings of the Institute. In the “Physics in Indus- 
try” series, a new volume entitled “‘“Modern Mass 
Spectrometry”’, by Dr. G. P. Barnard, was published 
during the year, and the first four booklets in the 
new “Monographs for Students” series were issued. 

The second convention of the Institute, held in 
Bournemouth during May 27-30, was attended by 
approximately 450 members and their ladies and 
guests ; its agenda included the thirty-third annua! 
general meeting of the Institute, a discussion on the 
education of physicists and twelve group meetings, 
at which twenty-three papers were read. Lectures 
were given by Sir John Cockcroft on recent advances 
in nuclear physics' and by Dr. A. C. Menzies on 
recent developments in applied optics?, and Canon 
C. E. Raven gave an evening address on the impact 
of physics on science and religion®. 

The Institute has seven branches in Great Britain, 
an Indian branch under the chairmanship of Sir 
C. V. Raman and an autonomous Australian branch 
with divisions in different States. In addition to the 
branches in Great Britain, there are seven specialist 
subject groups—electronics, electron microscopy, 
industrial radiology, industrial spectroscopy, stress 
analysis, X-ray analysis and education—which 
arrange their own programmes of scientific meetings 
and conferences. Seven specialist conferences were 
held by the various branches and groups, including 
a two-day meeting of the Industrial Radiology Group 
jointly with the Hospital Physicists’ Association, and 
a conference of the X-Ray Analysis Group on film 
methods and microdensitometry and on identification 
by X-ray analysis. As in previous years, the Institute 
collaborated with the University of Bristol in a 
summer school and conference, held at Bristol during 
July 13-16, on the theory of the plastic deformation 
of metals, and it was also associated with a con- 
ference organized by the Clarendon Laboratory, 
Oxford, and held there during July 18-23, on the 
subject of ionization phenomena in discharges. The 
proceedings of the conference on “Static Electri- 
fication” which was held by the Institute at Bedford 
College, London, during March 25-27, have been 
separately published‘. 

The Institute has been represented on many joint 
committees and bodies, including committees of the 
British Standards Institution, the Royal Society and 
the Parliamentary and Scientific Committee, and 
further details are given in the annual report. The 
Faraday Society, the Royal Meteorological Society 
and the British Institute of Radiology, which together 
with the Physical Society form the four participating 
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societies of the Institute, have given notice of with. 
drawal from participation in accordance with the 
provisions existing in the constitution. The Physical 
Society is in a different position from the other three 
societies since its members are physicists, and will 
continue to have two seats on the Board of the 
Institute. In order to encourage members to support 
Science Abstracts and to enable them to continue to 
enjoy the privilege of purchasing copies of both 
Physics Abstracts and Electrical Engineering Abstracts 
at reduced rates in spite of increased costs of pro- 
duction, the Board has agreed to make a modest 
annual basic payment to the management commit ee 
of the abstracts from its publications account, and 
the Institute in return will be represented on the 
management committee. 

This year the thirty-fourth annual general meeting 
of the Institute was held at the Institute’s house in 
London on May 18, when the following were elected 
to take office on October 1: President, Sir John 
Cockcroft ; Vice-President, Mr. G. R. Noakes; 
Honorary Treasurer, Dr. 8. Whitehead ; Honorary 
Secretary, Dr. B. P. Dudding ; New Ordinary Members 
of the Board, Dr. K. A. G. Mendelssohn and Mr. H. P. 
Rooksby. Prof. W. E. Curtis and Dr. C. Sykes 
(past-presidents), Mr. O. W. Humphreys, Dr. T. L. 
Ibbs and Prof. F. A. Vick (vice-presidents), Dr. H. 
Barrell, Dr. N. A. de Bruyne, Dr. P. H. 8. Henry, 
Mr. A. T. Pickles, Dr. W. H. Taylor and Mr. R. G. 
Wood continue to serve on the Board. 

1 Brit. J. App. Phys., 4, 289 (1953). 

* J. Sci. Instr., 30, 441 (1953). 

2 Bull. Inst. Phys., No. 43, 75 (1953). 

‘ Brit. J. App. Phys., Supp. No. 2 (1953). 


FORESTRY IN BRITISH HONDURAS 
ANNUAL REPORT FOR 1952 


HE annual report for 1952 of the Forest Depart- 


ment of British Honduras*, whence came 
the mahogany so well known in Britain during the 
nineteenth century, states that the Department 
reached thirty years of age in April 1952. The report 
furnishes abundant evidence of the vacillation of 
the authorities concerned as to the value of the 
Department and of the forests to the Colony. “‘Because 
of staff shortages and changes,” says the report, “it 
was impossible to issue Forest Department Annual 
Reports for the years 1950 and 1951.” : 
The Department’s difficulties are mainly due to 
staff shortages. The post of conservator was vacant 
throughout the year, and two officers acted in the 
post. There were apparently three gazetted officers 
only on the staff at the end of 1952 (one on leave and 
one newly joined). It is scarcely surprising to read 
that the forest boundaries are overgrown and require 
reclearing and that the forest estate is at present 
inadequate and is also insufficiently secure : during 
1952 the lease of large areas of land in the forest 


.reserves to the Colonial Development Corporation 


for agricultural purposes was being negotiated. If 
this is the case, the legal position of the so-called forest 
reserves is obviously very unstable. ; 
Finally, as can be well understood, no working 
plans are in force. Yet at its commencement the 
Department started under the most promising aus- 


* British Honduras. Forest Department. Annual Report for 1952 
(with Statistics in Standard Form for 1950 and 1951). Pp. 42. (British 
Honduras: Government Printer, 1953.) 
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pices: it was tentatively created for two years, and 
three technically trained forest officers were appointed. 
The fourth annual report of the then young Depart- 
ment (it had passed the two-year ordeal successfully) 
was issued in 1926 and was reviewed in Nature (119, 
256; 1927). The following extract from this review 
merits reproducing: “. .. it is easy to see that the 
young department has already made good. So far, 
the work has been mainly devoted to assisting the 
several lumbering companies at work in the forests 
on government leases. In some respects the operations 
are proceeding on lines similar to the working of 
the Burmese forests by the British forest officers of 
earlier days. Obviously, however, the work of 
exploring the government forests, collecting topo- 
graphical and other details, has been commenced 
(the superior staff now amounting to six), and it is 
hoped to be able to carry out the exploration of the 
practically unknown territory of the Western High- 
lands... . At the time of writing, a reliable base-line 
has been established between Vaca and the Rio 
Grande and a good general idea of the forests of this 
region obtained’’, That was twenty-seven years ago. 
The extracts from the present report already given 
indicate the history of the Forest Department since 
then and the ignorance on the part of the authorities 
of the value of the forest estate to the people and 
the Colony itself. E. P. STEBBING 


CAMBRIDGE UNIVERSITY 
EDUCATIONAL FILM COUNCIL 


HE seventh annual report of the Cambridge 
University Educational Film Council states that 
Prof. J. F. Baker has succeeded Sir Lawrence Bragg 
as president and that two new vice-presidents, Mr. 
8. C. Roberts, master of Pembroke College, and Prof. 
J. A. Steers, head of the Department of Geography, 
have been appointed. With the use of a Merlin Gerin 
camera in the Department of Engineering, a number 
of 16-mm. ciné pictures at 4,000 frames per second 
of tensile specimens being broken have been obtained. 
Some medium-speed pictures, at 100 frames per 
second, of the operation of a new testing machine 
have been taken ; cinematography is also being used 
in connexion with the flow of gases in internal com- 
bustion engines. Members of the Departments of 
Anatomy and of Physiology have collaborated in the 
making of a film, “The Behaviour of Dissociated 
Sponge Cells’. The use of films in teaching has been 
maintained especially in the University Faculties and 
Departments of Anatomy, Archzology and Anthrop- 
ology, Economics and Politics, Engineering, Geo- 
graphy, Slavonic Studies and Zoology. In the 
Department of Education lectures on the use of 
visual aids continue as a regular part of the course. 
In a continuation of the film sessions for students of 
history, the films “Peter the Great’, “‘Kamerad- 
schaft”, “Day of Wrath’, “Ivan the Terrible’, 
“Journey into History”, ‘Images Gothiques” and 
“Ange de la Paix” have been shown. The purchase 
of some 16-mm. editing apparatus has improved 
film-making facilities in the University. There 
remains, however, the need for a central cutting 
toom, and an arrangement by which films may be 
processed within the University. 
A proposal discussed between the Film Council 
and a member of the B.B.C. Television Service may 
greatly assist the making of films in the University. 
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Film-making facilities would be provided, and also a 
copy of any film used, in return for the provision of 
suitable science subjects for television programmes. 
The Film, Council again urges that all the films made 
in Cambridge by the late Sir Joseph Barcroft should 
be traced and catalogued, and, where necessary, 
edited, copied and preserved. The Council has also 
recommended further Cambridge films for inclusion 
in the Scientific Film Library. Projection arrange- 
ments are much as they were a year ago, and there 
is still a lack of continuous 35-mm. projection 
facilities in the University. 


EVIDENCE OF FIRE IN SOUTH 
AFRICAN CAVE DEPOSITS 


Dr. KENNETH P. OAKLEY 
British Museum (Natura! History) 


I 1947 great interest was aroused by Prof. Ray- 
mond Dart’s announcement that evidence had 

been found at the Limeworks in the Makapansgat 
Valley, Central Transvaal, that Australopithecus was 
a user of fire. He based this conclusion on Dr. V. L. 
Bosazza’s identification, of fragments of a brown 
glass-like substance in the basal grey beds there 
which had yielded remains of this hominid. The 
vitreous material was regarded as having resulted 
from the action of fire in the presence of lime, 
phosphates and ash!. 

Some anthropologists have doubted these con- 
clusions. There is no evidence that Australopithecus 
was a tool-maker, and on general grounds it appears 
most unlikely that the use of fire preceded the 
manufacture of tools. Moreover, three other possible 
explanations of the vitreous material in the Makapan 
deposit might be advanced: although siliceous and 
vitreous in appearance, it may have been produced 
by some chemical action not requiring a high tem- 
perature ; even if the material is true glass, it may 
have been due to fires ignited by men living con- 
temporaneously with Austr ithecus ; or it may 
have been produced by fires ignited at the mouth of 
the cave by some natural conflagration. 

The second possibility certainly has to be taken 
more seriously now that there is evidence indicating 
that tool-making hominids (that is, ‘men’ in common 
parlance) were living contemporaneously with Aus- 
tralopithecines in South Africa’. The idea that the 
vitreous material possibly originated through a 
natural conflagration might seem more far-fetched ; 
but quite recently evidence has come from the Cave 
of Hearths, farther up the Makapansgat Valley, 
which shows that this, too, is at least a plausible 
hypothesis. 

Through the courtesy of Prof. C. van Riet Lowe, 
I had an opportunity in March 1953 of visiting the 
Makapan sites in company with him and with Prof. 
and Mrs. Dart. At the Cave of Hearths, I was much 
impressed by the thickness (more than 4 ft.) of what 
appeared to be cindery ash forming the so-called 
basal hearth in the Upper Acheulean zone of the 
cultural sequence. This ‘hearth’ is generally regarded 
as the oldest proved evidence of the use of fire by 
Stone Age man in Africa. I was, however, puzzled 
by two features of the ash : (1) it appeared to contain 
no fragments of charcoal or burnt bone; (2) it 
rested directly on a clean surface of stalagmitic drip- 
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stone. Dripstone is normally formed only in the 
interior of caves, not where they open as rock- 
shelters. On the other hand, men do not regularly 
light fires in the deep recesses of caves, but as a 
general rule only at their openings. Yet if there had 
been any appreciable time-interval between the 
accumulation of the dripstone in this cave and its 
conversion into an open rock-shelter, say, by cliff 
falls or denudation, one would expect to find that 
some soil or rock debris had collected on the surface 
of the dripstone before men began burning fires on 
it. There was no trace of such material below the 
‘hearth’. 

Excavations at the Cave of Hearths carried out 
between June and October 1953 by Mr. Revil Mason, 
under the general direction of Prof. van Riet Lowe’, 
revealed hearths at ten levels in the ha ft. of deposits 
overlying the ‘basal hearth’, in age from 
Fauresmith (Earlier Stone Age il), through five 
stages of Middle Stone Age culture, to the Late Stone 
Age. Samples of all the main hearths have been sent 
to London for carbon-14 age-determination at the 
British Museum Research Laboratory. (A few have 
been forwarded to Prof. W. F. Libby at the Institute 
of Nuclear Studies, Chicago, who has reported that a 
hearth sample of Middle Stone Age IV showed an 
age of 15,100 + 730 years.) In order to check 
whether the samples submitted contained adequate 
quantities of carbon, pilot fractions of them were 
assayed by Miss P. Hammond and Mr. A. E. Rixon 
in the Palzxontological Laboratory of the British 
Museum (Natural History). The results were as 
follows : 


Percentage of 


Hearth level free carbon 


Late. Stone Age 819 
Middle Stone Age V 1,106 
” ” IV 256 

a am lil 240 

»» » Il 282 
408 


. a I 
Earlier Stone Age IV bon 
Basal hearth (E.S.A.I.) 338 


Weight of sample 
(gm.) 


COP~10 0m O83 
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The absence of carbon from the pilot fraction of 
the basal-hearth sample was so unexpected that two 
additional pilot fractions of the basal-hearth sample 
were tested; but in neither was any trace of free 
carbon found. Another sample of the same deposit, 
collected independently by me in March 1953, was 
also tested, and likewise proved to contain no free 
carbon. 

The discovery that samples of the ‘basal hearth’ 
were devoid of free carbon suggested to me, in the 
light of my field observations, that the deposit was 
not wood-ash as had been assumed, but that it might 
be calcined bat-guano. I therefore asked Mr. Rixon 
to test the phosphate content of the samples; and 
he reported that they were in fact largely phosphatic 
(averaging more than 20 per cent P,O,;, compared 
with 15 per cent in a sample of experimentally 
calcined bat-guano and 2 per cent in an overlying 
undoubted hearth). A further test showed that the 
material contained sufficient oxides of iron to account 
for its colour (dark grey with yellowish streaks). 

When the basal-hearth deposit was first en- 
countered in 1937 (a thickness of only a few inches 
was then exposed), Prof. van Riet Lowe submitted 
a sample to the Director of the Geological Survey of 
South Africa, who reported that it contained some 
free carbon, and in its harder parts some glassy 
slag-like material‘. Thus it may well be that the 
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deposit is composite, and that in its upper half, and 
where it thins out at the margins, there is possibly 
some admixture with the ashes of the first fires lit 
by Late Acheulean man. Indeed, Prof. Lowe hag 
told me that two stone hand-axes have been found 
in the loosely consolidated deposit, one 2 ft. below 
its surface, and that both appear to be fire-pitted. 
The conclusion that the bulk of the basal-hearth 
deposit is calcined bat-guano might suggest simply 
that Stone Age man used this material as fuel. May be 
he did ; but nevertheless the fact that the deposit in 
question is devoid of charred benes and rests directly 
on a clean surface of stalagmite strongly indicates 
that here it is a natural, mainly undisturbed, 
accumulation which was adventitiously burnt. 
Bat-guano commonly accumulates on the floors of 
the interiors of caves, and it is not at all unusual to 
find a deposit of this material resting directly on a 
dripstone formed when the cave was wetter. If bat- 
guano had accumulated on dripstone in the original 
Cave of Hearths, and then a cliff fall opened up the 
cave so that it became a convenient rock-shelter for 
human habitation, it is quite possible that the first 
fires to be lighted by man would have been placed 
on top of dried bat-guano. The guano of insectivorous 
bats, consisting largely of insect wings and elytra, is 
very inflammable. (In the middle of the past century, 
a hunter is said to have attempted to smoke a bear 
out of a cave in Blanco County, Texas, by igniting 
the bat-guano. The result was an explosion, after 
which the deposit continued to burn for two years'‘,) 
In the circumstances which I have postulated, the 
guano would have caught fire, and aided by a through 
draught it would have become in time completely 
calcined ; draughts are common in these caves, as 
Piet Potgieter’s men learnt to their dismay when 
they tried to smoke out the Makapan tribesmen from 
the historic cave in this same valley a century ago. 
If the brown glass-like fragments found by Bosazza 
in the Australopithecus deposit at the Makapansgat 
Limeworks were in fact produced by the fusion of 
sandy cave-earth, one has to allow the possibility 
that it was brought about by the burning of bat- 
guano ignited at the cave entrance by a natural grass 
fire. Dr. Desmond Clark has described to me how 
on an occasion when he was working in the Mumbwa 
Caves in Northern Rhodesia a grass fire reached the 
mouth of one of them and, drawn by a through 
draught, roared in for a few minutes as if in a furnace. 
In such circumstances the ignition of bat-guano and 
local fusion of intermixed sand would be by no 
means spree ore. 
Dart, R. A., Amer. J. Phys. Anthrop., 6, 276 (1948); Proe. 
Pan-African Cong. Prehist., 1947, 97 (1982), 
* Oakley, K. P., Amer. J. Phys. Anthrop., n.s., 12, 17 (1954). 
* Lowe, C. van Riet, S. Afric. Arch. Bull., 38, 25 (1954). 
* Lowe, C. van Riet, S. Afric. J. Sci., 35, 372 (1938). 
* Hutchinson, G. E., Bull. Amer. Mus. Nat. Hist., 96, 396 (1950). 


THE AUSTRALOPITHECINE 
OCCIPUT 


N a recently published essay', Prof. S. Zuckerman 
has discussed at some length the evolutionary 
position of the australopithecines under the three 
headings of evidence relating to : (1) the brain, (2) the 
face and teeth, and (3) upright posture. The first two 
sections are dismissed after very brief discussion, the 
main subject of the essay being a discussion of evidence 
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relating to posture. Under this heading the author 
is chiefly concerned with the nature of the occipital 
region Of the skull and the pelvis. After much dis- 
cussion and speculation, Zuckerman comes to the 
conclusion that the Swartkrans prehominid must 
have had a “powerful and shelf-like” nuchal crest 
because it had a sagittal crest. He further concludes 
that it “carried its head on its vertebral column 
far more in the manner of a gorilla than of a 
man’. 

There is, however, direct evidence on the presence 
or not of a nuchal crest in the known australopithecine 
material. One of the relevant specimens is the 
occipital fragment of a calvarium from Makapan 
described by Dart*. This specimen consists of the 
greater part of the occiput, as well as a good deal of 
the parietal bones, of an adult. On the original, 
which is very well preserved, the areas of attachment 
of the temporal and nuchal muscle masses are plainly 
visible. The temporal muscles clearly did not actually 
touch the nuchal musculature. The temporal lines 
are very widely separated posteriorly but converge 
as they pass forward, so that they are practically in 
contact in the midline at the point where the specimen 
is broken. This point is well behind the vertex—a 
fact which is easily proved by comparing the specimen 
with the complete skull from Sterkfontein, which 
belongs to the same species*. The superior nuchal 
line and the temporal lines thus enclose a relatively 
large, roughly triangular, area which was not covered 
by temporal or nuchal muscles. From other specimens 
from Swartkrans and Sterkfontein, it is abundantly 
clear that in the australopithecines the temporal lines 
approach each other most closely in the general 
region of the bregma or just posterior to it. Anteriorly 
and posteriorly of this region they diverge fairly 
sharply. It is therefore manifest that the temporal 
lines of the Makapan occipital fragment, which are 
already almost touching well behind the vertex, must 
have fused farther forward—hence there must have 
been a sagittal crest. There is, however, no ‘shelf- 
like’ nuchal crest. Instead there is only a slightly 
thickened ridge of bone, marking the position of the 
superior nuchal line, which is no more strongly 
developed than that commonly encountered in 
modern euhominids. 

A second specimen which yields direct evidence on 
this point is SK 48 from Swartkrans. This had a 
well-developed sagittal crest ; but only that part of it 
near the bregma is present, the remainder having 
been lost in the course of recovering the specimen. 
This specimen is one of the two referred to by 
Zuckerman—and was seen in the original by him in 
195l—as having a sagittal crest but of which the 
occiput is missing. In actual fact the greater part of 
the occiput is present but is a bit distorted and dis- 
placed. Fortunately a part of the critical region is 
preserved and this shows that no nuchal crest was 
present in the midline. To the right of the midline 
the superior nuchal line is thickened more than is 
the case in the Makapan occiput but not so much as 
in Rhodesian man. On the left of the midline the 
bone is damaged. Here again there is no evidence of 
& powerfully developed, shelf-like nuchal crest. A 
third specimen, SK 49 from Swartkrans, also has the 
anterior part of the sagittal crest preserved as well 
as a good deal of the occiput, and in this also there 
is no shelf-like nuchal crest, nor does the sagittal 
crest reach back to the occiput. 

The observed facts show clearly that the conditions 
necessary for the formation of a powerful nuchal crest 
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were not present in the australopithecine skull, while 
those necessary for the formation of a partial sagittal 
crest sometimes did occur. A relatively small amount 
of expansion of the anterior part of the neurocranium 
would have resulted in the removal of the conditions 
giving rise to the latter also. Zuckerman’s con- 
clusion that the nature of the australopithecine 
occipital region does not support the contention that 
they were bipedal is therefore not consistent with 
the facts. 

A recently prepared specimen, which has not yet 
been described, is of very great importance with 
regard to the posture of the australopithecines. A 
detailed description of this specimen will be pub- 
lished elsewhere; but because it has so direct a 
bearing on the matter here discussed, a few salient 
features will be mentioned. The specimen, from 
Sterkfontein, consists of nine thoracic vertebre with 
a number of ribs, all the lumbar vertebre, the 
greater part of the sacrum, the right innominate 
(previously known), and most of the left innominate, 
as well as a considerable portion of a femur. The 
spinal column was articulated but the innominates 
and sacrum were displaced. The sacrum is simply a 
small edition of the euhominid bone and has a well- 
developed promontory—which is, however, not so 
well developed as in modern man. The pelvis, when 
assembled, is very similar in the general proportions 
and orientation of the bones to that of man and 
differs very sharply from the pongid homologue. 
This is especially apparent in the orientation of the 
iliac blades and the shape and orientation of the 
pelvic canal. Lack of space prohibits full discussion 
of these and other features here ; but detailed study 
of this remarkable specimen shows clearly that it 


belonged to a bipedal creature. This is fully con- 
sistent with the cranial features such as lack of 
nuchal crest, orientation of the occiput and position 
of the foramen magnum—the last especially in the 
Swartkrans prehominid. 


J. T. Rosprnson 
Transvaal Museum, 
P.O. Box 413, 
Pretoria. 


1 Zuckerman, §8., “Correlation of Change in the Evolution of Higher 
Primates’’, in “Evolution as a Process”, edited by Huxley, Hardy 
and Ford (1954). 
Dart, R. A., Amer. J. Phys. Anthrop., n 8., 6, 259 (1948). 
* Robinson, J. T., Amer. J. Phys. Anthrop. (in the press). 


THE essay! to which Dr. J. T. Robinson refers is 
mainly an account of the development of the sagittal 
and nuchal crests; of the balance of the skull; of 
the anatomy of the temporo-mandibular joint ; and of 
the way teeth become worn. This study showed that 
in apes and monkeys a sagittal crest is almost in- 
variably associated with a nuchal crest and with a 
simian planum nuchale. It also showed that if one 
of the two crests is missing, it is almost invariably 
the sagittal crest that is lacking. For this reason I 
suggested that unless Paranthropus crassidens, the 
australopithecine from Swartkrans, is a single ex- 
ception to a morphogenetical process common 
to all known Anthropoidea, it followed that its 
possession of a high sagittal crest implied that it 
had possessed a powerful nuchal crest or occipital 
torus. 

Dr. Robinson now states that there is “direct 
evidence” to show that the general proposition 
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“sagittal crest implies the presence of nuchal crest” 
did not apply to the Australopithecinz. Anything is, 
of course, possible, and the idea that the australo- 
pithecine apes do, in fact, constitute an exception to 
what seems to be an otherwise general morphogenetic 
rule is consonant with other claims that have been 
made for these fossils. But what is possible is not 
necessarily probable, and certainly does not follow 
from the so-called direct evidence which Dr. Robinson 
now cites. 

This evidence consists of, first, the occipital frag- 
ment of a calvarium from Makapan which was 
originally described by Dart in 1948*%. In this 
specimen, as Dr. Robinson points out, the temporal 
lines are separated posteriorly, but converge as 
they pass forward, although they remain separated 
in the specimen “by an interval of not more than 
5 mm.’*. Dr. Robinson suggests that the point 
where the specimen is broken is well behind the 
vertex, and he argues that the lines “must have 
fused farther forward [italics mine]—hence there must 
have been a sagittal crest”. Ergo, a sagittal crest 
is not necessarily associated with a shelf-like nuchal 
crest. 

Quite apart from the novelty of this logic, the 
“‘must”’ is completely unjustified. In female chim- 
panzees and gorillas, particularly in those which are 
‘adult’ but not fully mature, the temporal lines 
usually diverge posteriorly, and approach most 
closely or even meet in the midline behind the bregma, 
without forming any sagittal crest. This point was 
recognized by Dart in his detailed description of the 
Makapan specimen. The fact that the sagittal and 
lambdoidal sutures of the calvarium had not com- 
pletely fused suggests that the animal to which it 
belonged was not fully mature. The lambda area is 
abnormal, due to the presence of “‘a sutura transversa 
occipitalis . . . with subsidiary sulci’, but there is 
nothing remarkable in the disposition of the temporal 
lines in the specimen as compared with modern apes. 
Had the animal lived longer than it did, it is possible 
that the sagittal lines would have met, and it is even 
conceivable that a sagittal crest may in due course 
have been formed. Had this, however, been the case, 
one would have expected the superior nuchal lines to 
have formed a much more marked crest than they 
do, especially laterally. 

The second specimen which, according to Dr. 
Robinson, presents features that controvert the 
proposition sagittal crest presupposes nuchal crest, 
is Swartkrans SK 48. The ‘official’ description, with 
photographs (Plate 3) of this specimen, appears in 
Broom and Robinson’s monograph*. Here, the 
occipital region is described as being ‘“‘very consider- 
ably crushed «upwards and forwards’. Dr. Robinson 
now says that the greater part of the occiput is 
present in the specimen, “but is a bit distorted and 
displaced”. The excellent cast that is available in 
the British Museum conforms to the original descrip- 
tion. Regardless of this unexplained discrepancy, 
Dr. Robinson’s point that the nuchal crest was 
deficient in the midline, though present to the side, 
is also misleading, if he is intending to imply that 
this is something different from what occurs in 
adult apes. Again, the fact is that in chimpanzees 
and gorillas (especially the female), the least prominent 
part of the nuchal crest is not infrequently in the 
midline. One reason for this is that the first part 
of the occipital torus to form in monkeys and apes is 
the lateral end, where the temporal lines begin to fuse 
with the occipital crests. This, as I suggested in the 
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e33ay to which Dr. Robinson refers, implies that the 
posterior horizontal and oblique fibres of the tom. 
poral muscles grow more rapidly than its anterior 
and vertical fibres. The description I gave was in no 
sense complete, and my observations about the 
further development of the temporal lines applied 
mainly to those animals (for example, male gorilla 
and male baboon) in which a sagittal crest is best 
developed. In these, the primary meeting point of 
the two temporal lines is usually towards the posterior 
part of the sagittal suture, a fact which again can 
only reflect the relative rate of growth of the 
posterior horizontal and oblique fibres of the tem 
poral muscles in these creatures. But in the orang 
outang the temporal lines meet more anteriorly, 
sometimes just behind the bregma, and usually 
about midway between the bregma and the inion, 
This is what also occurs in the female chimpanzee, 
in which a sagittal crest does not develop, and in the 
male chimpanzee, in which a crest occurs only 
occasionally. In those unusual cases where a sagittal 
crest develops in the gibbon, the temporal lines, 
having fused postero-laterally with the occipital crests, 
usually meet each other just behind the bregma. In 
many monkeys, again, the upper borders of the 
sagittal lines do not meet, but remain parallel to each 
other, in spite of the presence of a strong occipital 
crest. What is said here applies only to the monkeys 
and apes. In the loris, a primate belonging to the 
suborder Prosimii as opposed to Anthropoidea, a 
sagittal crest may develop over the vertex of the 
skull, even though the nuchal crests are present only 
postero-laterally. 

The third specimen, which, according to Dr. 
Robinson, presents features that controvert the 
proposition “‘sagittal crest presupposes nuchal crest’, 
is SK 49. This skull has apparently not been described 
before, and the amount of information provided now 
makes it impossible to comment on Dr. Robinson's 
observations. It would be interesting to know if the 
posterior part of the sagittal crest (or suture) and 
the occipital region are better preserved than they 
are in SK 48, or in the second apparently female 
skull described in Broom and Robinson’s original 
monograph. 

The fourth piece of ‘direct evidence’ to which Dr. 
Robinson refers relates to a series of post-cranial 
bones. Whatever these may reveal, they have no 
direct bearing on the general proposition “‘presence of 
sagittal crest presupposes existence of nuchal crest’, 
which to the best of my knowledge is based upon the 
generality of known facts about the morphogenesis 
of the primate skull. In any event, now that part 
of a manifestly human mandible has been found 
in the same deposits as have yielded the australo- 
pithecine apes‘, it will be necessary to decide 
what post-cranial bones relate to what cranial frag- 
ments before drawing conclusions about the correla- 
tion or lack of correlation of cranial and post-cranial 
features in the whole group of these fossils. 


S. ZucKERMAN 


Department of Anatomy, 
The University, 
Birmingham. 


1 Zuckerman, S., chapter in —— of Change in the Evolution of 
Higher Primates”, p. 300 (1953). 

* Dart, R. A., Amer. J. Phys. Anthrop., n.s., 6, 259 (1948). 

® —” and Robinson, J. T., Transv. Mus. Mem. No. 6 (Pretoria, 


* Robinson, J. T., Amer. J. Phys. Anthrop., 11, 1 (1953). 
5 Oakley, K. P., Proc. Roy. Inst.. 35, 641 (1954). 
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LETTERS TO THE EDITORS 


The Editors do not hold themselves responsible 
for opinions expressed by their correspondents. 
No notice is taken of anonymous communications 


Measurements on the Neutron Multiplica- 
tion in a System of Uranium Rods and 
Ordinary Water 


In order to determine the multiplication constant 
of a system of uranium rods and ordinary water we 
have made two different experiments with a radium-— 
beryllium source. 

A total of 129 uranium rods, 30 mm. in diameter 
and about 2 m. long, were suspended in a hexegonal 
lattice in a tank with distilled water. The lattice 
constant was varied from 40 mm. to 65 mm. in steps 
of 5mm. The uranium rods were encased in alum- 
inium tubes, 0-3 mm. thick. The tank had a diameter 
of 1-2 m. and a height of 2 m. Since the diameter 
of the uranium core was always less than 0-8 m., 
the water reflector could in all cases be considered 
infinitely thick. As detectors, we used boron tri- 
fluoride chambers. 

(1) Some ordinary exponential experiments! were 
carried out. From these measurements we can 
calculate the material buckling or ‘Laplacian’, By}, 
and obtain the infinite multiplication constant, k, 
from the formula 


Bn? = (k — 1)/M?*, (1) 


where M? is the migration area for fission neutrons. 

Due to the presence of the water reflector, the 
radial part «* of the buckling cannot be calculated 
from the extrapolated radius. We have instead 
calculated it from measurements near the centre of 
the core, where the influence of the reflector is small. 
If, in this region, the neutron density can be ex- 
panded in a power series, 


nir) = A—BrriCre—..., (2) 


it is easy to show that the radial part of the buckling 
at the centre is 


a? = 4B/A. (3) 


For the tightest lattices, irregular fluctuations in the 
measured distribution prevented the determination 
of the radial buckling. 

Far away from the source the neutron density 
decays exponentially in the axial direction, and a 
relaxation-length 1/y is measured. For intensity 
reasons the higher harmonics were not negligible, 
where the radial distribution was measured, and there- 
fore corrections have to be applied to the axial 
buckling, — y*, valid for exponential distribution. 

For M? we have used the value 45 cm.?*, which is 
probably accurate to 10 per cent. 

(2) We have also used an integrating method due 
to Heisenberg and Wirtz*. In this case the source 
was placed in the middle of the core, and the total 
number of neutrons in the core (N;,) and in the 
reflector (N;) were determined by integration. The 
strength of the source was calibrated by measuring 
the total number of neutrons (N,) with uranium rods 
removed. From these data the multiplication con- 
stant can be calculated by means of the formula: 


Zo(Nr — No) 


k — 1 = DN, > (4) 
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where &, and <- are the macroscopic absorption 
cross-sections of the water and the core respectively. 
We have, however, to apply some corrections to this 
formula. On account of the fast fission effect in 
uranium-238, the number of source neutrons will 
increase before they reach thermal equilibrium. 
Therefore, the quantity N, must be multiplied by a 
factor larger than unity. Further, VN; must be divided 
by the resonance escape probability. 

The two experimental curves of the multiplication 
constant as a function of lattice spacing are compared 
in Fig. 1 and are seen to be in good agreement with 
each other. Also shown in this diagram is a theoretical 
curve!, In calculating this curve account has been 
taken of fissions produced by fast neutrons from one 
rod in the adjoining rods as well. 

Further information about this experiment will be 
published elsewhere. 

Rotr PERsson 

Department of Physics, 

AB Atomenergi, 
Stockholm. 
March 1. 


1 Glasstone, S., and Edlund, M. C., ‘‘The Elements of Nuclear Reactor 
Theory”, chapter 9 (D. Van Nostrand Co., New York, 1952). 

* “The Fiat Review of German Science 1939-1946”. Nuclear Physics 
and Cosmic Radiation, 2, 143-165. 


Spontaneous Fission Properties of 
Elements 97, 98, 99 and 100 


Isotopes of several heavy elements (Z = 94— 
100) have recently been produced in the Materials 
Testing Reactor (MTR) in Arco, Idaho. It has thus 
been possible to extend the data on partial spon- 
taneous fission half-lives to isotopes of berkelium, 
californium, element 99 and element 1001-5. Table 1 
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NUCLEAR PROPERTIES OF SOME ISOTOPES OF ELEMENTS 97, 98, 99 AND 100 















. Predicted 
Isotope Ref. Radiation Half-life Alpha energy Spontaneous fission pontaneous fission 
Meeakios (MeV.) half-life half. life from 21. 4 
[gpk | 34 | & mw 1 yt. _ > 107 yr. - ; 
*$sCf 6 a, spontaneous fission 35:7 hr. 6-75 2-14 0-3 x 10° yr. 1-2 x 10° yr. 
| *Sscr 6 a, spontaneous fission 205 + 40 days 6-26 + 0-03 ~7 x 10° yr. 10* yr. 
| “SCE 3,4 a 400 + 100 yr. 5-81 + 0-03 > 10° yr. -- 






osCf 
SCE 


a, spontaneous fission 9-4 + 2°3 yr. 
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*3eCf 3,4 a, spontaneous fission 214 0-4 yr. 
S3Cf 3,4 B- 18 + 3 days 
| 899 1,2 a 19-3 + 0-3 days 
| 99 2 a 87 + 1 hr. 
| *54100- 1,2 a, spontaneous fission 3-3 + 0-2 hr. 





6-03 + 0-01 14405 x 10* yr. 2°8 x 10° yr. 








6-12 + 0-01 60 + 12 yr. 3 x 10* yr. 
6-61 + 0-01 > 10° yr. _ 

_— > 10 yr. —_ 
717+0-01 220 + 40 days 70 yr. 














gives a summary of the nuclear properties of several 
isotopes of these elements. 

The measured partial spontaneous fission half-lives 
of californium-246 and -248* agree reasonably well 
with the values predicted for even-Z even-A nuclides 
from the graphs of Seaborg? and Whitehouse and 
Galbraith*, who plotted the logarithms of the spon- 
taneous fission half-lives of several nuclides as a 
function of their Z*/A values. The measured spon- 
taneous fission half-lives of the heavier even-A 
californium isotopes, however, deviate seriously from 
the Z*/A relationship. The spontaneous fission half- 
lives of the californium isotopes, given in Table 1 
and plotted in Fig. 1, support the idea that the 
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Fig. 1. Spontaneous fission half-lives as a function of Z*/A. 
orn circles na, the early spontaneous fission data through 
ich the ay ne was po thn (ref. 7). Solid circles are recent 
spontaneous fiasi: -lives. The broken lines illustrate the 


maximum stability toward Se fission (ref. 9) for each 





even-A isotopes of each even-Z element go through 
@ maximum stability for spontaneous fission as 4 
increases®. 

As a consequence of this spontaneous fission half- 
life relationship, one has to revise previous ideas of 
nuclear stability. For a given even value of Z, 
spontaneous fission decay competes more favourably 
with alpha-decay as the even-A masses are increased ; 
and as a result, spontaneous fission becomes a com- 
peting mode of decay at lower values of Z than 
previously expected. In fact, the heavier even-A 
beta-stable isotopes of even-Z elements (Z = 98, 
100, etc.) may decay principally by spontaneous 
fission. 

The spontaneous fission decay-rates of the 
heavy odd-nucleon isotopes given in Table 1 
are several factors of ten slower than correspond- 
ing even-even nuclides, in agreement with the 
spontaneous fission half-lives? of other odd-nucleon 
isotopes. 

The observed yields of californium-252 in neutron 
bombardments of plutonium in the Materials 
Testing Reactor (MTR) in association with the high 
specific spontaneous fission activity of this isotope 
makes it attractive as an experimental neutron 
source. 


P. R. Fretps 

M. H. Srupre 

L. B. terre 
J. R. Horweneca 


Argonne National Laboratory, 
Lemont, Illinois. 
April 27. 


1 Studier, M. H., Fields, P. R., Diamond, H., Mom, J. F., Friedman, 
A. M., Sellers, P. A., P. le, G., Stevens .C.M , Magnusson, L. B., 
and Siuiomnse, J. R., hys. Rev., 93, 1428 (1 1954). 

? Fields, P. R., Studier, M. H.. Mech. J. F., Diamond, H., Friedman, 
A. ; Magnusson, L. B., and Huizenga, J. R., Phys. Rev., 94, 
209 (1954). 

* Diamond, H., Magnusson, L. B., Mech, J. F., Stevens, C. M., Fried- 
man, A M., Studier, M. H., Fields, P. R., and Huizenza, J. k., 
Phys. Rev., 94, May 15 (1954). 
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Phys. Rev. (in the press). 
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Inelastic Scattering of 14-MeV. Neutrons 

by Lithium-7 

Tue nuclear-level scheme for lithium-7 given in 
the review article on light nuclei by Ajzenberg and 
Lauritsen! indicates levels at 0-478, 4-61, 6-56 and 
7-46 MeV. excitation. The level at 7:46 MeV. 
corresponds to a resonance in the *Li(n,*H,)*He 
reaction at a neutron energy* of 0-25 MeV., but 
neither (p,p’), nor (d,d’), nor («,a’) scattering experi- 
ments have revealed inelastically scattered particle 
groups corresponding to this level’. 

We have studied the inelastic scattering of fast 
neutrons by lithium-7, using a photographic plate 
loaded with natural lithium. In this work advantage 
was taken of the fact that the levels of interest are 
unstable with respect to alpha-particle and triton 
emission. The loaded plates (Ilford 200p 2, with 
32 mgm. per ¢.c. loading) were exposed to 14-1-MeV. 
neutrons produced by the *H,(d,n)*He reaction, and 
the plates were searched for the occurrence of alpha- 
particle and triton pairs of tracks produced by the 
reaction : 


7Li(n,n’)"*Li(t)*He; @Q = — 2-465 MeV. (i) 


The scattered neutron was not detected in this 
experiment. The only measurements made were of 
the energy released to the alpha-particle and triton 
when the recoiling and excited lithium-7 nucleus 
decayed within the emulsion. By suitable processing 
of the plates, good discrimination was obtained 
between the alpha-particle and triton tracks. The 
events appeared as a thick and a thin pair of tracks 
having @ common point of origin, and were easily 
recognized against a background of recoil protons and 
single alpha-particles arising from other emulsion 
constituents. Measurements were made on the 
ranges and angles of emission of the alpha-particle 
and triton tracks with respect to the incoming 
neutron direction. 

Provided that the interpretation of the event is 
correct, these data are sufficient for the calculation 
of the excitation energy ¢("Li) of the states of 
lithium-7 involved in the reaction and, in addition, 
the energy Ey of the incoming neutron. The ex- 
pressions obtained for both these quantities involve 
the same factors, andthe ’value of Ey deduced pro- 
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vided a sensitive test of the accuracy of the individual 
measurements and of the correctness of the identifica- 
tion of each event. Only those events which inferred 
an incoming neutron energy within prescribed limits 
on either side of 14-1 MeV. were accepted. 

The frequency distribution of Ey values calculated 
from the data obtained from measurements on 427 
events is given in Fig. 1. The peak occurs at an 
energy of 14-0 + 0-25 MeV. and has a half-width 
at half-height of 1-5 MeV. 

Fig. 2 gives the distribution obtained for e(’Li) 
measured in MeV. above the ground-state, assuming 
the Q@ value given for reaction (i). Only events 
satisfying the acceptance limits for Hy (11-18 MeV.) 
have been included, and this has eliminated many 
events due to reactions other than (i) which produce 
heavily ionizing and lightly ionizing particle-pairs of 
the type measured. Suitable corrections have been 
applied to remove the background of such events 
which could have produced Hy values within these 
limits. In particular, Fig. 2 has been corrected for a 
considerable background of events due to the 
reaction : 

"Li(n,t)*He(n)*He; Q = — 2-465 MeV. (ii) 


The background corrections applied made little 
difference to the shape and position of the groups 
in the e(7Li) distribution in the range 0-9 MeV., 
although the fully corrected distribution given has 
been reduced to a total of only 167 events. Most of 
the events removed appeared in the uncorrected 
e(7Li) distribution in the range 9-2-13-5 MeV., and 
these events, when recalculated according to reaction 
(ii), fell into two groups representing helium-5 
excitation energies of 0 + 0-3 MeV. and 2-4 + 0-6 
MeV. A distribution of ¢(7Li) values corrected on 
the assumption that only the ground-state of helium-5 
is involved in reaction (ii) shows a prominent peak 
at 9-25 + 0-25 MeV. which may represent a new 
level in lithium-7. 

In Fig. 2 the prominent group at 4-6 + 0-25 MeV. 
is identified with the level in lithium-7 at 4-61 MeV. 
(see ref. 1). The smaller group at 7-5 + 0:25 MeV. 
is identified with the expected level at 7-46 MeV., 
and the group of events between 6 and 7 MeV. is 
presumably due to the broad level reported*-* at 
6 


-56 MeV. 
D. L. ALLAN 
Atomic Energy Research Establishment, 
Harwell, 
Nr. Didcot, Berks. 


+ Ajzenberg and Lauritsen, Rev. Mod. Phys., 24. 330 (Oct. 1952). 
* Hughes et al., A.E.C.U., 2040 (1952). 

* Franzen and Likely, Phys. Rev., 87, 667 (1952). 

“Gove and Harvey, Phys. Rev., 82, 658 (1951). 
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Dielectric Properties of Tellurite Glasses 


In a previous communication, Stanworth has 
described the properties of glasses containing a high 
percentage of tellurium dioxide'. Some data were 
presented on the optical and dielectric properties of 
several of such glasses. The purpose of this communi- 
cation is to record the results of further dielectric 
measurements on tellurite glasses, carried out at the 
Physical Laboratory of the National Defence Research 
Council of the Netherlands (The Hague), in close 
co-operation with Mr. Stanworth of the British 
Thomson-Houston Co., Ltd., Rugby, where the 
samples for this investigation were prepared. 


Table 1 
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hood ; the initial crystallization is never found in 
the anodal region (Fig. la). Fig. 1b shows the same 
phenomenon on a small scale under the microsco}e, 
In both cases, crystal formation occurs selectively 
only on the cathode side. Considering that the 
mobility of the sodium ion is greater than that of 
the nitrate ion in this case, and that the concentration 
polarization owing to transport phenomena may be 
assumed to be negligibly small*, it is plausible to 
assume that the phenomenon is due to cataphoresis 
of the charged crystal nuclei toward the cathode. 
(2) The creeping of salt solution and the interfacial 
potential. If it is really the case that the crystal 
nuclei move electro-cataphoretically toward the 
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Precision measurements of the dielectric constant cathode, a glass surface*, being negatively charged 


and loss angle were made on a glass of molecular 
composition BaO.5TeO,. The measurements between 
0-07 and 68-5 Mc./s. were made with an accuracy of 
1 per cent, using the resonance method of Hartshorn 
and Ward; the measurements between 1,000 Mc./s. 
and 5,190 Mc./s. were made to an accuracy of about 
1} per cent by impedance measurements on coaxial 
line equipment, and those between 7,520 and 24,000 


with respect to the electrolytic solution, should 
behave like a cathode and cause the occurrence of 
cataphoresis and crystal formation. This is the well- 
known creeping phenomenon‘. I find that the creep- 
ing never occurs when the glass container has been 
previously treated with (1) silver nitrate solution’ or 
(2) aluminium ion*, both of which cause reversal’ 
of the potential at the glass-solution interface. Silica 


Me./s. to an accuracy of about 1} per cent using glass, which has no ionic structure, has also failed 


impedance measurement in rectangular wave-guides. 
The results are shown in Table 1. 


to show the creeping. These observations are indirect 
evidence of the electro-cataphoretic nature of crystal 


The results are similar to those reported for tellurite nuclei. 


glass of somewhat different composition in Mr. 
Stanworth’s communication. It appears that the 
tellurite glasses can have high dielectric constant and 


(3) Accelerating effects of the very high-frequency 
field on the crystallization process. It has been 
observed that very high frequency (A = 30-40 cm.) 


low loss-angle up to-very high frequencies, showing accelerates the deposition of crystals in super- 
no frequency dependence, indicating the absence of saturated electrolytic solution® (for example, pot- 


relaxation up to 24,000 Mc./s. 


Thus tellurite glass assium chloride, potassium nitrate and lead nitrate), 


constitutes material of high dielectric constant with but it shows no effect on a non-electrolytic solution 


very good microwave properties. 
J. Pu. PoLey 
Physical Laboratory, 
National Defence. Research Council, 
The Hague. 
May 12. 


1 Stanworth, J. E., Nature, 169, 581 (1952); J. Soe. Glass Tech., 36, 
217 (1952.) 


Cataphoresis of Crystal Nuclei 


From his investigation of crystal formation in 
supersaturated electrolytic solution and the analysis 
of the electric behaviour of the crystal solution 
interface, Ubbelohde’ has suggested that charged 
microcrystals which act as crystallization nuclei 
might exist in the solution. In the course of work 
on the mechanism of crystal formation, I have 
observed some phenomena which seem to support 
Ubbelohde’s views. 

(1) Electrolytic crystal formation. A saturated 
solution (at 25° C.) of sodium nitrate was electrolysed 
between two platinum electrodes for 10 hr., at a 
constant temperature of 15°C., 0-4-0-5 V./cm., 
current density 2-5 x 10-* amp./cm.*. Solute crystals 
appear first only on the cathode and in its neighbour- 


(for example, urea). This supports the idea of the 
existence of charged nuclei in the solution, because 
the chance of collision between the nuclei or between 
a nucleus and an ion should be increased by the 
effect of the alternating field, resulting in the accelera- 
tion of crystal formation. 

(4) Deviation of sedimentation path of crystallite 
by the electric field. Each of the observations men- 
tioned above suggests that there exist charged crystal 


Cathode Anode Anode Cathode 


SUUUURLAALAANT 


Fig. 1. Electrolytic crystal formation of sodium nitrate ; (a) large 
scale; (6) on a microscope stage ( x 16) 
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nuclei and that they move electro-cataphoretically, 
the size of a nucleus® being less than 10-* cm., the 
ratio charge to mass being sufficiently large. Even 
if the particle size were larger than in the above 
case, it may still be expected that cataphoresis will 
occur if their surfaces are fresh and the electric field 
is strong enough. In order to test this expectation, 
freshly deposited potassium chloride crystallites were 
allowed to sediment in the supersaturated solution. 
An external electric field was applied momentarily 
to the solution (between two carbon rods in the 
container, 150 V./cm.) immediately after the appear- 
ance of the crystallites. The sedimentation paths 
were deflected a little to the cathode, though the 
situation was somewhat blurred, probably by the 
heterogeneity in the dimensions and forms of 
crystallites and also by the thermal convection 
accompanying the change of phase. 

In short, all these observations support the view 
put forward by Ubbelohde. 

Korcut Hirano 
Chemical Laboratory, 
Fukushima University, 
Fukushima, Japan. 
Feb. 12. 


! Ubbelohde, A. R., Trans. Farad. Soc., 36, 863 (1940); Discuss. Farad. 
Soe., 6, 180 (1949). 

*Boerboom, A. J. H., Nature, 159, 230 (1947). 

* Weyl, W. A., Glass Indust., 28, 231 (1947). 

‘Erlenmeyer, H., Helv. Chim. Acta, 10, 896 (1927). 
and Martin, J. Phys. Chem., 40, 439 (1936). 

‘Tominaga, H., and Hirano, K., J. Chem. Soc. Japan, 73, 522 (1952). 

* Hirano, K., Kagaku (Science), 23, 30 (1953). 

*Kruyt, H. A., Koll. Z., 22. 81 (1918). 

* Hirano, K., J. Chem. Soe. Japan, 74, 701 (1953). 

‘Hirano, K., Busseiron-Kenkyu, 58, 35 (1953). 


Hazlehurst 


RECENT observations on the crystallization of 


lithium sulphate by Helen Rae and A. E. Robinson 
may possibly provide a further example of the forma- 
tion of crystallization nuclei bearing a net charge 
with regard to the solution’. Attention may be 
directed to the interest of this mechanism of migration 
of nuclei of ionic crystals. With reference to the 
deposition of crystalline masses at controlled places 
in animal systems, it is conceivable that the forma- 
tion of bones and teeth, for example, are controlled 
by the direction of nuclei from supersaturated solu- 
tions through the intervention of the appropriate 
electric fields in the surrounding system. The de- 
position of crystals associated with certain diseases 
may also be related with the phenomenon under 
discussion. 
A. R. UBBELOHDE 
The Queen’s University, 
Belfast. 
* Rae, Helen, and Robinson, A. E., Proc. Roy. Sec., A, 222, 558 (1954). 


A Modified Differential Refractometer 


THE light-scattering method of molecular weight 
determination involves the measurement of the 
difference in refractive indices of a solution and its 
solvent. To this end special differential refracto- 
meters of high precision have been constructed with! 
or without autocollimation?*. A hollow glass prism 
is placed within a rectangular glass cell filled with 
the solvent, and the inner prismatic cell is filled with 
solution. A beam of parallel light traversing this 


double cell is deflected by an angle proportional to 
the difference of refractive indices of the two fluids. 
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I have modified this double cell in such a way 
that part of the parallel beam traverses only the 
outer cell, passing beside or under the hollow prism. 
I have thus obtained simultaneously the undeflected 
and the deflected image of the slit in the measuring 
microscope ; the difference may be read directly in a 
single measurement without having to change the 
contents of the hollow glass prism. Errors caused by 
mechanical derangement or variation of temperature 
during the change are thus avoided. 

A further modification operates with a horizontal 
slit instead of the usual vertical one, and the rect- 
angular cell contains two hollow prisms instead of 
one, resting with their apex edge on the bottom of 
the cell (Fig. 1). Each prism occupies a third of 
the vertical transverse section of the rectangular cells, 
leaving a third free for the light beam to bypass them. 
The rectangular cell is filled with solvent, one of the 
hollow prisms with the solution to be measured and 
the other one with a solution of known refractive 
index for calibration. Thus the difference to be 
measured and the calibration value may be read 
simultaneously in one measurement. The fact that 
the hollow prisms stand on their apex edges makes 
it possible to use them with a small volume of solu- 
tion, solely at the cost of light intensity owing to 
the reduced aperture available. 

Solutions may be made up in this refractometer 
to a given value of difference in refractive indices 
by filling an appropriate solution into the calibration 
prism and diluting the other one with solvent from, 
for example, a burette until the lines—now horizontal 
—coincide in the microscope. 

I wish to acknowledge the help of Mr. F. Dullion 
and Mr. J. Szanté in the construction of the new cell. 

F. Korésy 

Délibab utca 28, 

Budapest. 
Feb. 23. 


1 Martens, J.. and Stuart, H. A., Arch. Tech. Messen., 111 (May 1953). 

* Debye, P. P., J. App. Phys., 17, 392 (1946). 

* Brice, B. A., and Speiser, R., J. Opt. Soc. Amer., 36, 363 (1946). 
Brice, B. A., and Halwer, J. Opt. Soc. Amer., 41, 1033 (1951). 





Structure of Collagen 


A DETAILED X-ray study of collagen fibres obtained 
from different sources (namely, shark ray, rat tail 
tendon and kangaroo tail tendon) and a re-examina- 
tion of the published wide-angle patterns indicate 
that the unit cell of collagen is hexagonal with 
a = 12-16A. and c = 9-5-9A., the actual values 
depending on the moisture content. The essential 
difference of this indexing from those reported 
earlier'-* is that the 2-86-A. meridional arc is here 
interpreted not as a true meridional reflexion, but 
as arising from the superposition of two close non- 
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meridional reflexions. A calculation of the angular 
spread of the arc, using the tilt of the c-axis deduced 
from the spread of the equatorial reflexions, confirms 
this interpretation. Table 1 shows the good agree- 
ment between the calculated and observed spacings 
of an air-dried and a wet specimen from kangaroo 
tail tendon. 

A structure has been obtained (Fig. 1) which fits 
the above unit cell and which appears to be in good 
agreement with infra-red, X-ray and chemical data 
for collagen. It consists of nine amino-acid residues 
per unit cell, which corresponds to the observed 
density. These are linked together to form cylindrical 
rods, which occur in a hexagonal array. All the 
residues have the trans configuration, and the latest 
values of Corey and Pauling‘ for the dimensions of 
the amide group were used for the calculations. The 
residues are arranged in the form of three helical 
chains, each of pitch 9-5 A. (= c) and containing 
three residues per turn, with the symmetry 3,. The 
three helixes are also arranged with a 3, symmetry 
about the c-axis, and they are held together by means 
of hydrogen bonds to form the cylindrical rods. Two 
of the three NH groups in each turn of a chain are 
linked by hydrogen bonds to an oxygen of each of 
the other two chains, the NH ...O distance being 
2-80 A. The third NH group points outward from 
the cylinder, and the nitrogen atom forms part of a 
proline ring. Of the three a-carbon atoms per 
turn, a hydrogen attached to one of them (RF, Fig. 1) 
could be replaced by a general R group to form an 


showing one of the three-chain cylindrical rods 

The dotted lines indicate the positions of the 

hydrogen bridges. Only one proline ring is shown, and all hydrogen 

atoms except those in the NH groups are omitted. The thin 
lines indicate the directions of the crystal axes 


Fig. 1. Diagram 
of the structure. 
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amino-acid residue such as arginine or lysine; 
another (P) takes part in forming the proline ring, 
while the third (@) is in such a position that there js 
no space for either of its hydrogens to be repla:ed 
by any other group, so that it could only form part 
of a glycine residue. These features of the structure 
could explain the observed range of amino-acid com. 
position for collagen. 

The NH- and CO-bonds are almost exactly per. 
pendicular to the fibre axis, the angle made with 
the c-axis being about 85° in both cases. This agrves 
with the observed large infra-red dichroism’. Struc. 
ture-factor calculations show fairly good agreement 
with observation. The individual helixes are un- 
stable, and the stability of the cylindrical rods arises 
from the hydrogen bonds between the helixes. If 
these are broken, for example, by heating, the 
structure would crumble down, which would explain 
the thermal contraction of collagen. The structure 
could, however, re-form on cooling, as the chain of 
amino-acid residues in a single helix need not be 
ruptured in this process. 

It may be mentioned that this structure is essen- 
tially different from the three-chain structure of 
Pauling and Corey*. The value c = 9-5A. is not 
critical, and a variation of about 15 per cent is 
permissible without affecting the main features of 
the structure. 

A detailed paper, containing also a discussion of 
other features of this structure and a critical com- 
parison with previously proposed structures, will be 
published elsewhere. 

G. N. RaMAcHANDRAN 
G. KartTHa 
Department of Physics, 
University of Madras, 
Guindy, Madras 25. 
March 1. 


1 Astbury, W. T., J. Int. Soc. Leather Chem., 24, 69 (1940). 
8 er ha and Corey, R. B., Proc. U.S. Nat. Acad. Sci., 37, 272 


* Bear, R. S., “Advances in Protein Chemistry” 7, 69 (1953). 

*Corey, R. B., and Pauling, L., Proc. Roy. Soe., B, 141, 10 (1953). 

5 Randall. J. T., Fraser, R. D. B., and North, A. C. T., Proc. Roy. 
Soe., B, 14", 62 (1953). 


Unbiased Ratio Estimators 


Ratio estimators are frequently employed in sample 
surveys when estimating the population mean Y of a 
variate y with the help of the known population 
mean X of a correlated variable x. Confining our- 
selves to the case of a simple random sample of 
n pairs y;, zj from a population of N pairs, various 
ratio estimators of Y can be formed of which the 
most important ones are 7 = Xg/# and g = X7, 
where 7, and 7 are the arithmetic means of the 
sample of y;, x; and y;/z;, respectively. 

One well-known defect of these estimators is the 
fact that they are usually biased by amounts for 
which only approximate formule are offered in the 
literature, and, to our knowledge, no general methods 
are available for the elimination of this bias. It is 
of some interest, therefore, that quite elementary and 
exact formule for these biases can be obtained which 
frequently permit the construction of unbiased ratio 
estimators. 

We must confine ourselves here to the simplest 
cases. It is obvious that 


E(g) = ¥ — Cov (4, x) and Big) = ¥ — Cov (47) 
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which give the exact formule for the bias. 
An immediate consequence of these equations are 
the upper bounds for the biases 
[Bias in §|< oyje oz and|Bias in g|<oy/z0z (3) 
which are proved (but only as large-sample approxi- 
mations) in most text-books. Next, we may try to 


estimate the exact bias in 7 from the sample. This 
leads to the unbiased ratio estimate 
n(N —1 
y = XF + ae (9 — ¥2). (4) 


If variance formule are derived by the customary 
expansions in ty oa of Ay; = (yi — Y)/¥ and 
Aci = (x — X)/X, it can in shown that (for 
N-—) up to and including cubic terms 

Var y’ = n7¥%(o3/¥? + ,/X* — 2 Cov(a,y)/XY), 
which is also the approximate formula for Var 7 and 
Var 7 if terms up to and including the quadratic are 
considered. The cubic terms in Var # or Var 7 may be 
positive or negative (depending on certain product 
moments of the y, x distribution) and are 0 in Var y’. 
Within the framework of this approximate variance 
theory, therefore, no large price in variance increment 
is paid for bias elimination ; indeed, for certain popu- 
lations Var y’ is less than Var g or Var g. Similar 
results are available for bias elimination in j, and 
exact variance formule have been derived. Since the 
approximate variance formula depends on the fact that 
the coefficients of variation of y and x are small, a 
useful modification consists of the device of splitting 
the sample of n y;x; into (say) K subsamples with 
means gt; and computing the unbiased ratio 

. eat Te K aire aa: Pay 
estimate y e+ (j-7Z), where 7 Re 
and N is assumed large. 

Adaptations to stratified and multistage sampling 
have been developed, and it is hoped to publish 
applications of these estimators shortly. 

H. O. Hartrey 
A. Ross 
Statistical Laboratory, 
Iowa State College, Ames. 
March 24. 


Solubility of Uroporphyrin | in Ethyl 
Acetate 


AccorpINn@ to Waldenstrém, Fink and Hoerburger', 
uroporphyrin I does not pass from aqueous solutions 
into ethyl acetate at any pH, thus differing from 
uroporphyrin ITI, which is readily extracted by ethyl 
acetate around pH 3-1. This statement has been 
widely accepted in the literature. We have found, 
however, that uroporphyrin I in the concentrations 
studied is readily extracted into ethyl acetate from 
aqueous solutions at pH 3-0-3-2, and, provided these 
are strongly buffered, quantitative recoveries can be 
obtained. 

The results of some recovery experiments with 
uroporphyrin I and ‘Waldenstrém porphyrin’ are 
illustrated in Table 1. The experimental technique 
was as follows: a solution of the free porphyrin in 
9-1 N sodium bicarbonate was added to 50 ml. of 
10 per cent (w/v) hydrochloric acid, followed by 
150 ml. saturated sodium acetate. The solution was 
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rapidly brought to a pH between 3-0 and 3-2 with 
concentrated hydrochloric acid and the final volume 
of solution made up to 250 ml. The order of adding 
the reagents appeared to affect the recovery materi- 
ally, and is therefore given in full. The buffered 
solution was extracted exhaustively with 100-ml. 
portions of ethyl acetate, readjusting the pH with 
concentrated hydrochloric acid and saturated sodium 
acetate between extractions. The last few ethyl 
acetate extracts are usually non-fluorescent ; but ex- 
tractions were continued until such ethyl acetate 
layers gave non-fluorescent aqueous layers when 
shaken with 2 per cent hydrochloric acid. The com- 
bined ethyl acetate extracts were then extracted to 
completion with 2 per cent hydrochloric acid, and 
this extract determined spectrophotometrically, using 
the correction factor of Rimington and Sveinsson?. It 
was found that the number of extractions required 
at each stage was not significantly different for the 
two isomers ; in both cases about 50 per cent of the 
porphyrin present in the aqueous phase passed into 
the ethyl acetate during each extraction. The results 
in Table 1 show clearly that the recovery of uro- 
porphyrin I is not appreciably less than that of 
‘Waldenstrém porphyrin’. 








Table 1 
Percentage recoveries 
ugm. Porphyrin added ‘Waldenstrém 
(range) Uroporphyrin I porphyrin’ 
46-49 94, 95, 94, 100, 102 99 
22-24 99, 99, 102, 99 100 
9-10 100, 89, 94, 95, 97, 92, 93 
97, 101, 99, 101 
4-5 + 91, 89, 89 91 95, 86 | 
| 











A suitable method for comparable extraction of 
both isomers is of value with respect to recent 
investigations of the porphyrins formed by tissues 
in vitro from precursors such as porphobilinogen and 
5-amino-levulinic acid’. A detailed investigation, 
which we hope to report elsewhere, has led us to 
conclude that equivalent recovery of each isomer 
from tissue preparations should also be possible. 

The uroporphyrin I used in this investigation was 
a hydrolysed sample of fraction A(i) shown in Fig. 1 
of the paper by Rimington and Miles‘. ‘Waldenstrém 
porphyrin’ was taken from a bulked sample of 
Waldenstrém ester (m.p. 260°, corr.), which, when 
tested by the paper chromatographic method of Falk 
and Benson’, behaved as uroporphyrin III only. 
Hydrolyses were carried out in 25 per cent hydro- 
chloric acid at room temperature for 36 hr. 

We thank Prof. C. Kimington for his support of 
this work and Miss H. James for technical assistance. 


E. I. B. Dresen 
B. E. Toorx 


Nuffield Unit for the 
Investigation of Pyrrole Pigment Metabolism, 
Department of Chemical Pathology, 
University College Hospital Medical School, 
London, W.C.1. 

June Il. 


a wee nate: J., Fink, H., and Hoerburger, W., Z. physiol. Chem., 
_— C., rie Sveinsson, 8S. L., J. Clin. Lab. Invest., 2, 209 


* Falk, J. E., Dresel, E. I. B., and Rimington, C.. Nature, 

(1953). Ns E. 7 B., and Falk, J. E., Nature, 172, Tas Boss), 
‘ Rimington, C., and Miles, P. A., Biochem. J., 50. 202 (1951). 
5 Falk, J. E., and Benson, A., Biochem. J., 8, 101 (1953). 
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Fractionation of Serum Proteins by Zone 
Electrophoresis in Glass Powder 


In connexion with recent electrophoretic studies of 
ox serum’, it became necessary to establish a reliable 
method for the fractionation of serum proteins which 
would allow numerous samples to be separated into 
distinct fractions of sufficient volume and concentra- 
tion for subsequent physico-chemical and biological 
characterization. Zone electrophoresis* appeared to 
be the method of choice, and the apparatus here 
described is a development of that of Svensson and 
Brattsten*, whose work should be consulted for the 
principles involved. The present modifications were 
introduced to overcome certain difficulties associated 
with their apparatus, notably the complexity of the 
feed arrangements and the lack of control of adverse 
pH and electrolytic changes. 

The glass-powder bed is supported in a double- 
walled ‘Perspex’ trough 27 cm. long, 18 cm. deep 
and 2 cm. wide. The top of the trough is completely 
open. ‘Perspex’ nipples of 1 mm. bore are fitted 
to the base of the trough at 1 cm. intervals and a 
strip of closely-woven calico, 27 cm. x 2 cm., is 
placed inside the trough over the nipple openings 
to prevent blocking by glass powder. The double 
walls of the trough form two flat cooling chambers 
through which is pumped refrigerated water at 2° C. 
At the ends of the trough are ‘Perspex’ flanges to 
which are bolted ion-permeable partitions, electrode 
chambers and soft-rubber sealing gaskets. The ion- 
permeable partitions, which have an open area of 
16 cm. x 2 em., constitute the vertical end-walls 
of the trough and isolate the glass powder bed from 
the free-flowing buffer solution in the electrode 
chambers. A typical arrangement consists of a 
porous ceramic plate at the cathode and a ‘Cello- 
phane’ membrane at the anode. The electrodes are 
flat spirals of platinum wire, 1-5 cm. x 15 cm., 
mounted parallel to and about 1 cm. behind the 
ion-permeable partitions. Each electrode chamber 
is sealed, apart from a lower inlet and upper outlet 
through which buffer solution is pumped continuously 
at the rate of about 1 litre/min. The return flows 
of buffer solution from the electrode chambers are 
mixed in a single 5-litre aspirator bottle prior to 
recirculation by a centrifugal pump. By this means 
drifts of pH and unstable electrical characteristics 
arising from accumulations of the products of 
electrolysis may be completely controlled. This 
arrangement also overcomes the limitation of current 
set by the use of reversible electrode systems. The 
leakage current which by-passes the glass-powder bed 
is negligible if the rubber connexions of the system 
are of 1 cm. bore and about 200 cm. long. 

The assembly of trough and electrode chambers 
is fitted to a special rack which may be levelled 
accurately. This rack also supports a finely adjust- 
able horizontal bar to which are clamped twenty- 
seven capillary tubes of about 1 mm. bore and 30 cm. 
length each bent to the form of a J. The longer 
limbs are connected by fine-bore rubber pressure- 
tubing to the twenty-seven outlet nipples at the base 
of the trough. The shorter limbs of the J-capillaries, 
directed downwards into collecting tubes, terminate 
at a common level which is about 1-2 cm. below that 
of the free surface of the buffer solution above the 
glass-powder bed. The rate of flow of buffer solution 
through the bed and from the outlet capillaries is 
determined by the height of the horizontal clamping 
bar. Regularity of flow from the outlet capillaries 
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is achieved by individual adjustment of the lencth 
of each in a preliminary rate-of-flow calibration, ond 
by grinding each tip to an accurate square ond 
smooth finish. The buffer supply to the bed of giags 
powder is provided by a simple constant-hvoad 
system. Since the top of the trough is completely 
open, the multiple syphon system of Svensson and 
Brattsten® is unnecessary. 

The protein sample to be fractionated is injected 
directly into the glass-powder bed at a depth of 3 cm, 
below its surface. For this purpose a 20-50 ml. glass 
syringe, provided with a 10 cm. needle bent in ihe 
middle at right angles, is mounted horizontally and 
the plunger advanced by a geared drive from a 
1 r.p.m. synchronous motor. A e of protein 
sample feeds of 0-8-8 ml./hr. may thus be obtained 
with great regularity. 

The completed assembly may be operated in two 
ways. In the continuous-flow method, following 
Svensson and Brattsten*, the buffer solution and 
protein sample flow continuously while current is 
passed, and components of distinct mobility follow 
paths down the glass-powder bed which diverge from 
the point of injection. This method demands con- 
stancy of flow of buffer solution, protein sample and 
current, but is not seriously influenced by geometrical 
irregularities of flow density. In the second method, 
the method of ‘no-flow’, 5-10 ml. of the protein 
sample to be fractionated are injected to form a 
vertical band about 1 cm. wide in the glass-powder 
bed. The flow of buffer solution and of protein 
sample are now discontinued and the current switched 
on. The initial vertical band separates horizontally 
to form a spectrum of vertical bands spaced across the 
bed. When the current is switched off, the bands 
are washed out of the glass-powder bed by a relatively 
rapid flow of buffer solution equivalent to about 
15 ml./hr. at each capillary outlet. Up to twenty- 
seven fractions each of about 7 ml. are then collected 
within 30 min. following a separation lasting about 
5 hr. This method does not depend upon the con- 
stancy of flow of buffer solution or current, but is 
more sensitive than the first to geometrical irregu- 
larities of flow density. The ‘no-flow’ method is faster 
than the continuous flow method, since equal resolu- 
tion may be achieved without lengthy periods at low 
rates of flow. 

With veronal and phosphate. buffer systems of 
pH 7 5-9, ionic strength 0-04, and a maximum bed 
temperature of 30°C., it is possible to maintain a 
total current of up to 300 m.amp., equivalent to a 
current density of 10 m.amp./sq. cm., and a voltage 
between electrode chambers of 300 V., equivalent to a 
voltage gradient of 10 V./em. Under these conditions, 
bovine albumin and y-globulin separate in the ‘no- 
flow’ method at the rate of 3-4 cm./hr. Electro- 
phoretic analyses by the Tiselius method of collected 
fractions indicate that an almost linear gradient of 
mobility develops across the glass-powder bed. The 
mobility-resolution following a separation lasting 
5 hr. is about 0-5 em.? V.-! sec.-1 x 10-*. The 
albumin and y-globulin components of ox serum are 
separated cleanly. The intermediate «- and §-globulin, 
however, when collected at the appropriate outlets, 
may be contaminated with small proportions of the 
adjacent components. This is probably a con- 
sequence of adverse spreading effects and of the 
poly-dispersity of the protein mixture. 

It is hoped to publish shortly further details of 
suitable ion-permeable partitions and of the separa- 
tions achieved with ox serum in beds of glass powder 
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and of starch. The significant advantages of the 
present apparatus in facility of control and in rapidity 
of separation of components over the entire length of 
the bed have been demonstrated also in preliminary 
studies of the fractionation of the sera of cattle 
infected with the virus of foot-and-mouth disease. 
C. J. BrapisH 
Nan V. Smart 
Research Institute (Animal Virus Diseases), 
Pirbright, Surrey. June 17. 
1 Bradish, C. J., Henderson, W. M., and Brooksby, J. B., Biochem. J., 
56, 329, 335 (1954). 
*Tiselius, A., and Flodin, P., “‘Advances in Protein Chemistry”, 8, 
461 (1953). 
‘Svensson, H., and Brattsten, I., Arkiv Kemi, 1 401 (1949). 





Phosphorus Linkages in «-Casein 

RECENTLY, an investigation on the nature of 
phosphorus bonds in proteins has been initiated in 
this laboratory. This was stimulated by the observa- 
tion that a variety of phosphatases will dephos- 
phorylate phosphorus-containing proteins without 
proteolysis occurring simultaneously. Dephosphoryla- 
tion, however, takes place only if the phosphate 
groups are present as monoesters with two ionizable 
hydroxyls'**. In addition, the occurrence, in phospho- 
proteins, of linkages such as those of pyrophosphates, 
—O—P—O—P—O—, phosphodiesters, —O—P—O— 
or —N—P—O—, and the presence of these bonds in 
cyclic arrangements, had to be anticipated. Thus, it 
should be possible to demonstrate such structural 
units with the aid of specific enzymes which bring 
about their transformation into monoesters that are 
then readily hydrolysed by the action of phospho- 
monoesterases. The work described here was designed 
to test these assumptions, and supplies the first 
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experimental evidence for. the existence of pyro- 
phosphate bonds in a protein. Moreover, it is shown 
that «-casein, in addition to phosphomonoesters, also 
contains some of its phosphorus as pyrophosphate 
and phosphodiesters. 

As reported in 1952%, prostate phosphatase‘, an 

O 
Y 
enzyme specific for the hydrolysis of rt OE 
OH 

at pH 5-8-6-0 removes 40 per cent of the «-casein 
phosphorus. If a 1 per cent solution of «-casein in 
0:05 N sodium bicarbonate containing 0-01 M mag- 
nesium ions is treated at 37°C. with a purified 
phosphodiesterase from rattle snake venom (Crotalus 
adamanteus)*, no inorganic phosphorus is liberated. 
As shown in line 2 of Table 1, the pH of the reaction 
mixture, however, had shifted from 8-5 to 7-8, in- 
dicating the exposure of acidic groups. Subsequent 
incubation of the protein with prostate phosphatase 
in cacodylate buffer of pH 6-0 and 0-1 ionic strength 
results in the appearance of 41-5 per cent of inorganic 
phosphorus (line 3), an amount corresponding to that 
liberated by the prostate enzyme from untreated 
a-casein (line 1). If, however, the «-casein pretreated 
with diesterase is incubated with both prostate and 
intestinal phosphatase*, 78-0 per cent inorganic phos- 
phorus appears (line 4). Since the intestinal enzyme 
used in this investigation is found to act at pH 6-0 
on low molecular-weight substrates of the type 


O O 
@ VA 
—N—P—OH but not on —O—P—OH 2, and the 


\ 


7 + 
OH OH 


Table 1. StTEpwiIsk ENZYMATIC DEPHOSPHORYLATION OF a-CASEIN 











Distribution of phosphorus (per cent of total) 
as: 
Maximal 
es amount of oO oO 0 0 
Reaction mixture of the phosphorus Conclusions ZO tt Ih 
| reaction released —O—P—OH | —N—P—O— | —O—P—O0—P—O— 
| mixture | (per cent \ SS 
| of total) OH H OH OH OH 
1. a-Casein + prostate 2/5 of phosphorus present as “4 
| phosphatase 6-0 39°6 0 
| < 
| —O—P—OH 40 
| \ 
OH 
2. a-Casein + phospho- 
diesterase 85-78 0 O—P of diester bond broken 
8. a-Casein (pretreated 
with diesterase) + pros- 40 
tate phosphatase 6-0 41°5 Same as in line 1 
4. a-Casein (pretreated 2/5 of phosphorus present as 
with diesterase) + ‘8 
prostate and intest- V/A 
inal phosphatase 6-0 78-0 —O—P—OH and 40 40 
OH 
2/5 derived from N—P—O 
5. a-Casein + pyrophos- 
phatase 72 0 
6. a-Casein (pretreated 2/5 of — present as 
with a Wa 
+ prostate phos- + 
phatase 6-0 59°5 —O—P—OH and 40 20 
OH 
1/5 derived from 
o—P—O—P—O 
7. a-Casein (diesterase + 
pyrophosphatase 
pretreated) + pros- 
tate and intestinal 
phosphatase 6-0 100 40 40 / 20 
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snake venom diesterase hydrolyses the —-O—-P— 
bond of a diester, it can be inferred that the diester 
linkage in «-casein is of the —-N—-P—-O— type, in 
contrast to the —-O—P—O— recently found in 
B-casein’. 

An identification of the remaining phosphorus is 
then achieved as follows: on incubation of a 1 per 
cent solution of «-casein in veronal—carbonate buffer 
of pH 7:2® containing 0-001 M magnesium ions 
with crystalline yeast pyrophosphatase’®, no inorganic 
phosphorus is set free (line 5). Subsequent treatment 
of the protein with the prostate phosphatase at pH 6-0 
in sodium cacodylate buffer results in the appear- 
ance of 59-5 per cent inorganic phosphorus (line 6). 
Thus the increase of 20 per cent liberated by the 
prostate enzyme from the a-casein pretreated with 
pyrophosphatase must originate from monoesters of 

oO 


Ya 
the type —-O—P—OH derived from a pyrophos- 


ie 
OH 
phate bond, —O—P—O—P—O—. fm line 7 of 
Table 1 the results of an experiment are listed, show- 
ing that if «-casein is treated with the phospho- 
diesterase at pH 8-2, followed by incubation with 
the pyrophosphatase at pH 7-2, the intestinal and 
prostate enzymes at pH 6-0 will liberate the entire 
phosphorus of this protein. These results thus 
demonstrate that «-casein contains 40 per cent of its 
O 


y, 
phosphorus as monoesters of the type —O—P—OH, 


i 
OH 
20 per cent as pyrophosphates, —O—P—O—P—O-—., 
and 40 per cent as diesters, —N—-P—O—. 

Complete removal of the phosphorus is accom- 
panied by a disintegration of the protein into smaller 
units, indicating that the phosphorus links relatively 
small polypeptides which are soluble in 10 per cent 
trichloroacetic acid. These fragments can be separated 
chromatographically by passage through a column of 
4 per cent cross-linked ‘Dowex 50’. 

The presence of the pyrophosphate bond in «-casein, 
@ protein with 0-99 per cent phosphorus’, can be 
used for the estimation of the molecular weight. If 
one-fifth of the phosphorus is present as a pyro- 
phosphate, 2 linkage involving two atoms of this 
element, the total nwnber per mole must be ten or a 
multiple thereof. Since the atomic weight of phos- 
phorus is 31-02, it would give a minimum molecular 
weight of 31,000, in good agreement with that of 
30,000 reported for casein in the literature'. 

I wish to thank Drs. G. Schmidt and M. Kunitz 
for some of the phosphatase preparations used in 
this research, and Dr. T. L. McMeekin for supplying 
the «-casein. 

GERTRUDE E. PERLMANN 
Rockefeller Institute for Medica] Research, 
New York 21. April 7. 

1 Perlmann, G. E., J. Gen. Physiol., 35, 711 (1952). 

? Perlmann, G. E., ““Phosphorus Metabolism”, 2, 167 (1952). 

* Perlmann, G. E., J. Amer. Chem. Soc., 74, 3191 (1952). 
“Schmidt, G., Cubiles, R., and Thannhauser, 8S. J., Cold Spring 

Harbor Symp. Quant. Biol., 12, 161 (1947). 

* Sinsheimer, R. L., and Koerner, J. F., J. Biol. Chem., 198, 293 (1952). 
* Schmidt, G., and Thannhauser, S. J., J. Biol. Chem., 149, 369 (1943). 
’ Perlmann, G. E., Biochim. Biophys. Acta, 13, 452 (1954). 

* King, E. J., and Delory, G. E., Enzymologia, $, 278 (1940). 

* Kunitz, M., J. Gen. Physiol., 35, 423 (1952). 

4° Warner, R. C., J. Amer. Chem. Soc., 66, 1725 (1944). 
™ Burk, N. F., and Greenberg, D. M., J. Biol. Chem., 87, 197 (1930). 
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Catalysis of Olefin Autoxidation by Heavy. 
Metal lons in Non-Polar Media 


THE catalysis of autoxidation by heavy metals has 
wide ramifications in the fields of biochemistry and 
chemical industry and is of considerable acadeinic 
interest. In spite of this, relatively little fundamental 
work has been undertaken except with polarsolvents!:?, 

The special case of the autoxidation of natura] 
and certain synthetic rubbers takes place under 
conditions which are essentially non-polar. That 
marked differences in behaviour might occur as 
between polar and non-polar media has prompted 
this investigation. We have studied the autoxidation 
of cyclo-hexene at 60-0° C. catalysed by the n-hepto. 
ates of metals in the presence and absence of 10 parts 
by weight of n-heptoic acid per 100 parts by weight 
of cyclo-hexene. An aliphatic carboxylic acid was 
chosen as the polar compound in view of the pub. 
lished work using glacial acetic acid'. Table 1 shows 
that a very different ranking order for catalytic 
efficiency is obtained in the presence of n-heptoic 
acid, making it clear that mechanisms deduced from 
work in polar media cannot be transferred a priori 
to non-polar media. 


Table 1 
(Po, = 760 mm./mercury) 





Extent of oxidation after 60 min. 
reaction (gm.O,/kgm. cyclo-hexene) 


cyclo-Hexene | cyclo-Hexene + heptoic 
as medium acid as medium | 





Metal, initial valency 
state and concentration 





Co*++ (49-1 p.p.m.) 
Mn*+ (49-5 p.p.m. 
| Cut+* (50-0 p.p.m.) 33 
Fe*+++ (500 p.p.m.) . “4 
| Metals absent . “34 











* The duration of this reaction is taken as 60 min. from the termina- 
tion of the induction period. 


The marked difference in behaviour between polar 
and non-polar media is further emphasized by the 
kinetic characters of the various systems. These 
differences are shown simply in Table 2. 

Table 2 





Variation in rate of oxygen absorption as the 
total extent of absorption increases 


cyclo-Hexene as cyclo-Hexene + heptoic 
medium acid as medium | 





Metal and initial |— 
valency state 





rate decreases 

rate increases from very | 
low value | 

no catalysis 

rate increases from very 
low value 


rate decreases 
rate decreases® 


Cott 
Mn++ 


Cutt 
Fet++ 


rate decreases 
rate increases from 
very low value 














* With manganese there is a marked 1 period followed by 
the sudden appearance of a well-defined ra 


The induction period for manganese, which is of 
very variable duration, is eliminated by the addition 
of a small amount of tert-butyl hydroperoxide, 
indicating that the free radicals required to start 
reaction chains are derived from the interaction of 
manganese and hydroperoxide, not by interaction of 
the manganese and cyclo-hexene, and that, therefore, 
the induction period is determined by the rate at 
which a threshold value of hydroperoxide concentra- 
tion is built up independently of the manganese. 
The same hypothesis may apply to cobalt and copper, 
although an induction period has not been observed 
with these metals. 

With copper at 50 p.p.m. concentration in the 
absence of n-heptoic acid, the consumption ratio 
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Extent of oxidation (gm. oxygen absorbed/1 kgm. cyclo-hexene) 


Fig. 1 


d(O, absorbed)/d[ROOH] has been accurately de- 
termined and found initially equal to unity but 
increasing somewhat as the reaction proceeds. A 
similar consumption ratio appears to exist for the 
reaction catalysed by ferric iron. 

We reserve suggestions regarding the mechanism 
of catalysis in non-polar media except for the ferric 
iron catalysed autoxidation. The interpretation of 
this reaction is most readily seen by plotting the rate 
of oxygen absorption against the amount of oxygen 
already absorbed, when the graphs shown in Fig. 1 
are obtained. 

Thus, provided due allowance is made for the 
simultaneous uncatalysed autoxidation, there is an 
initially marked dependence of the rate on hydro- 
peroxide concentration, which eventually degenerates 
into a complete independence as the reaction proceeds. 

If we assume a reaction scheme for ferric iron 
analogous to that postulated for cobalt in glacial 
acetic acid!, namely : 

ROOH + Fe*+ 
ROOH + Fe*+ 


ROO. + RH 
RO. + RH 


+ O, 
+ RO. 


Initiation ROO. + Ht + Fe'*+ 


Propagation 


: R. RO,. 
Main termination RO, Inactive products 


then the scheme must be erroneous in at least one 
respect as it predicts a rate dependent on [ROOH] 
as well as [Fe*+] until a very advanced stage of oxida- 
tion is reached. This discrepancy can be removed 
by postulating that the rate-determining step in chain 
initiation is the formation of free radicals by the 
decomposition of an iron (III) — hydroperoxide 
complex. 

The maximum rate of oxygen absorption is not 
attained until the molar ratio [ROOH]/[Fe] reaches a 
high value. Therefore, either there is an equilibrium 
of the type 


(Iron (III) — hydroperoxide complex) = iron (III) + 
hydroperoxide, 


or the formation of the complex is a relatively slow 
process. Experiments are in hand to distinguish 
between these possibilities. 

The apparent differences in kinetic behaviour of 
the other metals may result partly from the possi- 
bilities of the corresponding equilibria being farther 
to the left and the complexes being formed more 
rapidly. These factors would result in the maximum 
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rate of oxidation being reached at a very early stage 
of the reaction, and since these metals are more 
efficient catalysts than iron, this maximum rate would 
be developed in such a short time as to escape experi- 
mental observation. Work is in hand to study the 
initial periods of oxidation more accurately. Such 
measurements may also provide evidence regarding 
an alternative chain-initiation process, namely, a 
direct interaction between metal and olefin to give 
free radicals. 

This communication is published with the per- 
mission of the Council of the Research Association of 
British Rubber Manufacturers. 

G. L. Banxs 
A. J. CHALK 
J. E. Dawson 
J. F. Smirn 
Research Association of 
British Rubber Manufacturers, 
Shawbury, 
Shrewsbury, Salop. 
April 12. 
* Bawn, C. E. H., J. Oil and Colour. Chem. Assoc., 36, 443 veo 


* Bawn, C. E. H., Pennington, and Tyee, © Cc. F. H., 
Soe. Diapite 10, 282 (1951). Fo , and williams, 
H. L., J. Amer. Chem. Soc., 73, 1634 (1951) ; . 4465 (1950). 
Baxendale. J. i. “Advances . Catalysis”, 4, "81 (1952). a 


J., ~Aavances in Catalysis’, 4, 343 ees 3). Bawn, C. 
Farad. s Orr, R. J., and Williams, 


A ‘bi7e (i958) 
Chem. Soc., 71, 3777, 3784 ‘and 3789 (1949). 


Atoxopyrimidine Action of Vitamins of the 
B, Group 


“In a previous communication, we recorded that 
pyridoxamine has a strong atoxopyrimidine action‘. 
We now find that, besides pyridoxamine, pyridoxine 
and pyridoxal also have strong atoxopyrimidine 
action. 

Mice were fed at first for five days on a synthetic 
diet consisting of purified casein, starch, lard and 
McCollum salt mixture, supplemented with known 
B-group vitamins except B,. Then for five days 
0-1 or 2-0 mgm. respectively of pyridoxamine or* 
pyridoxine was given in addition to the above diet, 
and finally 0-125 mgm. of 2-methyl-6-amino-5- 
hydroxymethylpyrimidine per gm. body-weight was 
injected into the test mice. While all the controls to 
which no additional B, was supplied died from 
severe convulsions, all the test animals were saved 
from these attacks. (Inhibiting activity, that is, 
number of survivals/number of test animals multi- 
plied by 100, is 100 per cent.) A daily supplement 
of 0-05 mgm. of pyridoxine for 5 days gave an 
inhibiting activity of 75 per cent, and 0-025 mgm. 
for 5 days gave an inhibition of 50 per cent. With 
injection of 0-125 mgm. of 2-methyl-6-amino-5- 
hydroxymethylpyrimidine per gm. body-weight, all 
mice fed for 7-15 days on the basic diet died, whereas 
all mice injected with pyridoxamine in amounts of 
a half to one-fifth of the dose of the simultaneously 
injected 2-methyl-6-amino-5- hydroxymethylpyrimid- 
ine were saved from the attack of convulsions 
(inhibition, 100 per cent). The simultaneous injection 
of pyridoxamine in amounts of one-tenth to one- 
twentieth of the dosage of 2-methyl-6-amino-5- 
hydroxymethylpyrimidine showed an atoxopyrimid- 
ine effect of 50-80 per cent. The simultaneous injec- 
tion of pyridoxine in dosages of from one-tenth to 
one-twentieth of the amount of 2-methyl-6-amino-5- 
hydroxymethylpyrimidine showed an inhibition of 
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100 per cent. Injection of pyridoxine in a dose of 
one-fortieth caused an inhibition of 80 per cent. 

In the case of feeding with ordinary diet, even the 
injection of 0-5 mgm. of 2-methy]-6-amino-5-hydroxy- 
methylpyrimidine per gm. of body-weight was not 
sufficient to bring on convulsions of all test mice. So 
little as 1-0 mgm. of 2-methyl-6-amino-5-hydroxy- 
methylpyrimidine caused the death of all test animals. 
In the latter case the simultaneous injection of 
pyridoxamine in dosages of a half to one-fifth of the 
amount of 2-methyl-6-amino-5-hydroxymethylpyri- 
midine saved all the test animals from convulsions and 
death (100 per cent inhibition). In the case of pyrid- 
oxine, injection of a fifth to a tenth of the amount of 
the pyrimidine compound gave 100 per cent inhibi- 
tion, and one-twentieth to one-fiftieth gave 80 per 
cent inhibition. In the case of pyridoxal, a tenth to a 
two-hundredth of the dosage of 2-methyl-6-amino- 
5-hydroxymethylpyrimidine gave 100 per cent in- 
hibition, but in dosages of from a four-hundredth 
to a five-hundredth the effect fell to 50 per cent. 
The toxicity of pyridoxal itself appeared at more 
than a fifth of the dose of 2-methyl-6-amino-5- 
hydroxymethylpyrimidine, and therefore the in- 
hibiting effect upon the convulsions caused by the 
pyrimidine compound could not be estimated. 

We are indebted to Dr. T. Matsukawa for supply- 
ing a sample of 2-methyl-6-amino-5-hydroxymethyl- 
pyrimidine. 

This work was aided by the Scientific Research 
Fund of the Ministry of Education of Japan. 

KatasHt Makino 
TAKEO KINOSHITA 
Department of Biochemistry, 
University Medical School, 
Kumamoto, Japan. 
YosHrromo ARAMAKI 
SHIGERU SHINTANI 
Research Laboratory, 
Takeda Pharmaceutical Industries, Ltd., 
Osaka, Japan. 
April 4. 
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Colchicine-induced Heteroploidy in Early 
Mouse Embryos 


THE induction of heteroploid development in the 
mouse (Mus musculus) has been obtained by the 
method of temperature treatment of eggs in the 
Fallopian tube?-*. As an alternative method, 
colchicine, the classical polyploidogenic agent in 
plants, has been used in mammals other than the 
mouse. Pincus and Waddington* reported a number 
of one-celled tetraploid rabbit eggs after treatment 
in vitro. Chang* and Haggqvist and Bane’ artificially 
inseminated rabbits with sperm suspended in a 
dilute solution of colchicine and observed a propor- 
tion of abnormal young at term. In the experiment 
of Haggqvist and Bane, of those abnormal offspring 
which came to maturity one was apparently not 
diploid’. Similar experiments with the pig gave one 
adult boar claimed to be triploid’. The heteroploid 
status of the mature rabbit and boar has, however, 
been disputed by several workers, for example, 
Beatty and Fischberg*. 

The following experiment was undertaken to 
investigate the possibility of obtaining colchicine- 
induced heteroploidy in the mouse, and if it was 
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obtained, to elucidate the optimal conditions for 
treatment. The mice used were of heterogencous 


origin. To reduce the level of spontaneous hetero. 
ploidy'*, mice carrying the silver factor were not 
used 


By artificial insemination with semen containing 
colchicine, Chang and Hiaggqvist and Bane 
created conditions which probably led to fertilization 
in the presence of the chemical. Colchicine may enter 
the egg either by general absorption or, more directly, 
by accompanying the fertilizing sperm; and once 
in the egg, the colchicine might inhibit the second 
meiotic spindle and induce triploidy by retention of 
the second polar body. But colchicine is also a toxic 
substance. To reduce toxic effects on the sperm, 
direct treatment of the sperm was abandoned and 
the following procedure adopted. (Eéstrous females, 
selected by the vaginal smear technique, were injected 
with about 0-1 ml. of colchicine solution through the 
cervix into each horn of the uterus. They were then 
paired with males for natural mating. In this way, 
the sperm was not exposed to colchicine until the 
mating occurred. 

Three and a half days after mating, the females 
were killed, and the developing embryos washed from 
the uterus, fixed in aceto-carmine, and made into 
squash preparations. Chromosome counts were made 
as accurately as possible (with a maximum error of 
+5 per cent of the total chromosome number) on all 
the clear mitotic figures found, and the embryo was 
classified on these counts. 

By the use of various concentrations of colchicine 
dissolved in 0-75 per cent sodium chloride, the highest 
concentration compatible with fertilization and de- 
velopment was found to be 1/9,000 by weight. At 
higher concentrations no eggs had developed apart 
from four under-developed embryos taken from two 
females. At lower concentrations the number of 
females with developing embryos was always more 
than 62 per cent and averaged 79 per cent. Exam- 
ination of the embryos showed that a large number 
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Per cent heteroploid 
embryos 








Per cent triploid 











1 1 
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were developing as heteroploids, and that these were 
of various kinds—haploids, hypo-diploids, hyper- 
diploids, triploids, tetraploids and various mosaics. 
The heteroploids were produced over a range of 
concentrations as shown in Fig. 1. The numbers 
involved in the graph between concentrations 1/9,000 
and 1/30,000 are 191 diploid and 44 heteroploid 
embryos. Low concentrations of colchicine were used 
in order to find the lower threshold of activity. Few 
embryos were examined at concentrations 1/100,000 
and 1/200,000, the occurrence of heteroploids at these 
concentrations merely being used as an indication 
of the continuing action of the chemical. At 1/500,000, 
however, the effect of the colchicine appeared to be 
slight, only one embryo being possibly heteroploid 
out of thirty-one classified. The control figures, 
obtained by injecting the same quantity of 0-75 per 
cent sodium chloride solution into the uterus, were 
103 diploids and no heteroploids. 

The time of mating following injection affected the 
success of the method. If mating was delayed, the 
percentage of heteroploids resulting was low; if 
mating was rapid, many heteroploids were found, the 
difference between the two categories of mating time 
being statistically significant at the higher con- 
centrations. The decreased effectiveness of delayed 
matings is probably due to the absorption of the 
colchicine by the uterine tissues, or to the inactivation 
of it by the uterine fluids, or to leakage through the 
cervix of the injected solution, all of which lead to a 
less effective treatment of the egg. 

If embryos with mitotic figures of between 55 and 
60 chromosomes are classified as triploid (the diploid 
number of chromosomes in Mus musculus being 40), 
their distribution is given in Fig. 2. The number of 
triploids is highest at the strongest concentrations 
and declines to none at 1/30,000 and below, except for 
a single one found at 1/50,000. A high concentration 
appears necessary, therefore, to include all the 
polar body chromosomes within the egg at fertiliz- 
ation. 

Experiments designed to induce tetraploids were 
made using the same techniques of colchicine injection 
andembryo recovery. The injections were made about 
eighteen hours after mating, which is immediately prior 
to the formation of the first cleavage spindle; and the 
intention of the treatment was to suppress the separa- 
tion of the two diploid chromosome sets on this spindle. 
Examination of the squashed three and a half day 
embryos showed that, at concentrations of 1/2,000 to 
1/4,000, in addition to many diploids, five tetraploid or 
diploid-tetraploid mosaics were developing. Presum- 
ably the tetraploids arose by the action of the 
colchicine on the first cleavage spindle, and the 
mosaics by an effect on one of the blastomeres of 
the two-celled or later stages; in both cases the 
colchicine having been absorbed on the surface of 
the embryo. 

These results show that colchicine can be used to 
induce heteroploid development in the mouse, and 
suggest a wider use for the chemical in the domestic- 
ated animals’. Variation in the time of treatment 
produces triploids or tetraploids, though various other 
chromosomal abnormalities are produced. Many of 
the triploids showed no effect of the chemical cyto- 
logically, and had cell numbers only slightly less than 
their diploid sibs. The tetraploids showed some 
effects of the chemical by the presence of contracted 
mitoses, and had low cell numbers.. 

_This work has been carried out under the super- 
vision of Dr. R. A. Beatty. I wish to thank the 
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University of Edinburgh for the receipt of a post- 
graduate studentship which made the work possible. 
R. G. Epwarps 
Institute of Animal Genetics, 

University of Edinburgh. 

1 Beatty, R. A., and Fischberg, M., Nature, 168, 807 (1949). 

* Beatty, R. A. and Fischberg, M., J. Genetics, 50. 471 (1952). 

* Pincus, G.. and Waddington, C. H., J. Hered., 30, 515 (1939). 

* Chang, M. C., Nature, 154, 150 (1944) 

* Haggqvist, G., and Bane, A., Nature, 165, 841 (1950). 

*Melander, Y., Hereditas, 36, 335 (1951). 

" Hagpavist, G., and Bane, A., Kungl. Svenska Vetens. Handl., 3, 
0. 2 (1951). 


* Beatty, R. A., and Fischberg, M., Nature, 166, 238 (1950). 


Relationship between Maternal Liver Fat and 
Feetal Weight in Ovine Pregnancy 

Ir has been shown by Ferguson! that there is a 
considerable rise in total liver fat in healthy sheep 
at the 135th-140th day of pregnancy, when their 
food consumption is severely restricted from the 
100th day, but that the livers of ewes which are 
maintained on a high plane of nutrition from the 
100th day contain the same small amount of fat 
towards the end of term as do non-pregnant animals. 
Dryerre and Robertson? did not investigate the 
effect of plane of nutrition on liver fat during preg- 
nancy; but in well-nourished ewes they found no 
difference in liver fat between animals bearing a single 
and those bearing more than one foetus, and that 
there appeared to be no correlation between the 
lipide content of the liver of the ewe and the growth 
of the foetus. 

For the first 100 days of pregnancy in the present 
study, ewes were fed a high-plane diet of swedes, hay 
and concentrates (crushed oats 30, dried brewers’ 
grains 20, bran 20, linseed cake 10, white fish meal 
10, dried molassed sugar beet pulp 8, minerals 2 parts 
by weight) and showed satisfactory gains in weight. 
Thereafter a high-plane group of these was maintained 
on the same diet and continued to increase in weight, 
while the remainder (low-plane group) received only 
swedes and oat straw, on which they declined severely 
in weight. 

The weights of the foetuses and the total liver fat of 
the ewes which were slaughtered at the end of the 
pregnancy period are shown in Table 1. Liver fat 
was estimated gravimetrically as the total ether- 
soluble fractions. The liver was homogenized with 
ethanol and then submitted to continuous hot ex- 
traction for four hours with 97 per cent ethanol. 
The tissue residues and alcoholic extract were treated 
to hot continuous extraction with ether for two 
hours. The ether extract was dried to constant 
weight. 

There is a_ significant positive correlation 
(r = + 0-99) at P = 0-05 between fat in the ewes’ 
liver and the weight of her foetuses in the case of 


Table 1. MBAN VALUES FOR LiveR Fat IN Ewes ON HIGH AND LOW 
DretaRY PLANES, AND WEIGHTS OF THEIR F@TUSES 
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Fig. 1. Relation between total liver fat in ewes on high- and low- 
dietary planes at the end ws and the weight of their 
cetuses 


the low-plane animals, as is suggested by the scatter 
of points in Fig. 1. The correlation between these 
two variables in the case of the high-plane ewes 
(r = + 0-07) is not significant at P = 0-05. In the 
case of these high-plane animals, body reserves never 
seem to have been drawn on, the carcasses being well 
furnished with fat. These findings, however, require 
further investigation with a Jarger number of animals. 

The experiment was made possible by financial 
assistance from the Agricultural Research Council. 
Acknowledgment is made of help received from 
P. S. Pugh, who undertook the analysis for fat. 

N. L. Ferecuson 
School of Agriculture, 
King’s College, 
University of Durham. 
April 15. 

1 Ferguson, N. L., Brit. J. Nutrit., (45, 269 (1954)]. 
*Dryerre, H., and Robertson, A. J. Physiol., 99, 443 (1941). 


Wilt of Shisham (Dalbergia sissoo Roxb.) 
due to Fusarium solani sensu Snyder and 
Hansen 


SHISHAM, an important timber species of North 
India, has been found to suffer from wilt disease in 
the Dehra Dun and Saharanpur districts in western 
Uttar Pradesh. The disease occurs both in natural 
forests and in taungyas which are artificially re- 
generated with field crops in admixture with other 
economic species like semul (Bombax malabaricum), 
babul (Acacia arabica), khair (Acacia catechu), bamboo 
(Dendrocalamus strictus), etc. Only trees of about 
15-25 years old suffer from this disease, and wilting 
has not been observed in the seedling, sapling and 


August & 1954 vou. 174 


pole stages of the plant. The symptoms of wilt in 
shisham are systemic and are characterized by 
drooping leaves and branches due to loss of turgor, 
The leafiets gradually turn yellow, and eventually 
drop off. The entire tree becomes ‘thin’ and light 
coloured, and stands out sharply in contrast to 
adjoining densely clothed green healthy trees. The 
nodules and slender branches on roots which char. 
acterize healthy shisham are absent on the roots of 
wilted trees. On splitting the diseased roots, the bark 
and the outer sapwood exhibit a well-defined pinkish. 
brown (sorghum brown, army brown, light seal 
brown, according to Ridgway’) stain, and though the 
stain is restricted in this region, it may rarely pene. 
trate into the inner sapwood. The heartwood is free 
from the stain. The stain also progresses along the 
outer sapwood from the roots to the stem and, in the 
late stage of wilt, it may extend up the stem to 
about ten feet from the ground. 

The wilt disease of shisham was reported by 
Bagchee* to be due to Fusarium sp. The organism, 
which is identified as Fusarium solani, has been 
proved to be soil-borne. The fungus invades the 
tree through the roots, usually the laterals, whence 
it travels into the tap root and then proceeds along 
the stem. Within the wood, the hyphez of F. solani 
are abundant in all the tissues, particularly the 
vessels. Due to clogging of vessels and adjoining 
tissues in the sapwood, especially in its outer region 
through which the sap mainly flows, the water supply 
to the crown is stopped, or at any rate considerably 
reduced, as a result of which the crown wilts. Wilting 
of the crown in shisham starts only when a certain 
proportion of the roots of a tree is invaded by the 
fungus. Wilt of leaves and branches thus indicates 
a late stage in the development of the disease. Death 
of affected trees is rapid and may occur within a few 
months after the symptoms in the crown become 
evident. Fusarium solani is constantly associated with 
wilted shisham, from the infected roots and stems of 
which the organism is consistently isolated in culture. 
Healthy but dead roots of shisham are quickly in- 
fected by F. solani when such roots are buried in a 
soil naturally infected by the fungus. These artificially 
infected pieces of root develop a pink stain in the 
wood from which F’. solani can be re-isolated, proving 
that the fungus is responsible for the pinkish-brown 
stain present in the wood of wilted trees. Thus it is 
concluded that wilt and sudden death of shisham is 
due to attack by F. solani. , 

The behaviour of F. solani in the soil has been 
studied in detail. Colonies of the fungus appear fre- 
quently in isolations made from the soil by the 
‘dilution plate’ method described by Waksman’. 
1 gm. of soil is found to contain about 10,000 colonies 
of F’. solani, based on an average of thirty soil samples, 
and the maximum number of colonies in one sample 
has been recorded as 40,000 per gm. of soil. The 
fungus occurs in soils bearing both healthy and 
wilted shisham and also in soils which support 
vegetation other than shisham, so that the occurrence 
of the fungus is independent of the presence or 
absence of the host species. In the soil, F. solani 
is usually present in the form of mycelium, though 
the possibility of its occurrence in the form of conidia 
and chlamydospores also exists. The fungus has 
been proved to possess quick and wide powers of 
saprephytic colonization by its ability to colonize 
healthy but dead shisham roots buried in wilt-infected 
soil. From these observations, it is concluded that 
F. solani belongs to the ‘soil-inhabitant’ group as 
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classified by Garrett‘. Detailed results will be pub- 
lished elsewhere. Studies are in progress regarding 
the relationship between the host plant, the parasite 
and the general soil microflora under varying con- 
ditions of soil texture, soil moisture, soil reaction, 
available soil nutrients and the influence of cover 

crops, with the view of evolving methods for the 
control of wilt. 

Seedlings of shisham are immune to the attack of 
Fusarium solani, saplings are resistant, while the adults 
(after the trees bloom and bear fruit) are susceptible, 

when growing in close proximity in the tarai land 
where shisham grows naturally. In the pure planta- 
tions in the taungyas of Uttar Pradesh also there is 
no wilt of seedlings. The fungus is present throughout 
the soil in this region and has been described as a 
soil inhabitant. It also causes systemic infection on 
the stems of siris (Albizzia procera) by the air-borne 
spores’. The problem of the lowering of the resistance 
of the host at the transition from the juvenile to the 
adult stage is now under investigation. Control 
depends on the factors which predispose the trees to 
the attack of the pathogen at this stage. 

I am grateful to Mr. C. R. Ranganathan, president 
of the Institute, for suggesting the problem and 
offering helpful criticism in the work. Thanks are 
due to Dr. K. Bagchee, mycologist, for his advice 
and interest in the work, and to Dr. W. L. Gordon, 
plant pathologist, University of Manitoba, Manitoba, 
Canada, for identifying the cultures of Fusarium 
solani sent to him. 

B. K. Baxsui 
Mycology Branch, 
Forest Research Institute, 
Dehra Dun, India. 


Ridgway, - 1 Standards and Color Nomenclature” (Wash- 
ington, 1 

2 Bagchee, oi ri For., 71, 20 (1945). 

* Waksman, S. A., “Principles of Soil Microbiology” 


(London, 1927). 
‘Garrett, 8. D., Biol. Rev., 25, 
‘Ind. For., 80, 246 (1954). 
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“The Case for Natural Selection’ 


On my return from eight months travelling, my 
attention was directed to the review of my book 
“Evolution in Action” by Sir James Gray (Nature, 
173, 227; 1954). I feel I must comment on some of 
his statements, since they are of major concern to 
general biological theory. 

At the outset he writes: ‘Darwinian orthodoxy 
demands implicit faith in the efficacy of natural 
selection operating on chance mutations. Subscribe 
to this and all doubts and hesitations disappear ; 
question it and be forever lost”. After saying that 
I state ‘‘the case for orthodoxy”’, he continues: ‘‘A 
few readers, perhaps rather pagan in their outlook, 
may think it a little strange that, if the case is quite 
so strong as they are asked to believe, it should still 
be necessary to argue the merits of natural selection 
with almost evangelistic fervour’. Later, he states, 
“No amount of argument, or clever epigram, can 
disguise the inherent improbability of orthodox 
theory; ... there will always be a few [biologists] 
who feel in 1 their bones a sneaking sympathy with 
Samuel Butler’s scepticism’’. 

These allegations from one of our leading biologists 
demand an answer. First, I repudiate (and I am 
sure that other biologists will agree) the idea that 
there is any such thing as a “Darwinian orthodoxy” 
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which “demands implicit faith in natural selection” 
—or in anything else. I venture to remind Sir James 
Gray of Sir Ronald Fisher’s ‘‘Genetical Theory of 
Natural Selection’. In that remarkable book, Fisher 
demonstrated conclusively: (1) that gradual evolu- 
tionary change, as postulated by Darwin and later 
established by the paleontologists, could have been 
brought about by selection acting on small mutations, 
on the basis of a particulate (Mendelian) mechanism 
of inheritance; but could not have been brought 
about on the basis of a mechanism of blending 
inheritance ; (2) that, given the observed facts con- 
cerning heritable variations and their origin, neither 
orthogenesis (in the sense of inherently determined 
and directional variation) nor Lamarckism in any of 
its forms could have played any but the most trivial 
part in effecting evolutionary change; (3) that 
selection, acting upon small mutations and their 
recombinations, is capable of producing an extremely 
high degree of apparent improbability ; and (4) that 
natural selection does not have to await the precise 
mutations needed to produce desirable adaptation, 
but operates on the stored variance made possible 
by the particulate mechanism of heredity, eliciting 
from it the required recombinations. (Gray’s state- 
ment about selection ‘‘operating on chance muta- 
tions” obscures this essential point, and neglects the 
fact that the effects of genes are gradually adjusted 
by selection operating on the gene-complex.) 

These are not dogmatic statements, but scientific 
conclusions; and the resultant neo-Darwinian or 
selectionist theory of evolution is no more an 
‘orthodoxy’ than is the atomic theory of matter or 
the Mendelian theory of inheritance. Evolutionary 
biologists support it, not because they would be 
“forever lost’? and excluded from an orthodox fold 
if they questioned it, but because it—and so far, it 
alone—is able to account for the facts. 

Finally, the reason why it is still necessary, 
especially in a semi-popular book, to argue the case 
for natural selection so vigorously is that, unfortu- 
nately, a certain number of prominent biologists still 
publicly evince ‘“‘a sneaking sympathy”’, to use Gray’s 
own words, with Samuel Butler, or other vitalists or 
Lamarckians. 

JuLiaN HvuxLey 


Athenzum Club, 
London, S8.W.1. 


THAT my review of Dr. Huxley’s book should be 
regarded as a matter of “‘major concern to general 
biological theory” is a sobering thought. It just 
shows how careful one must be in approaching the 
preserves of evolutionary genetics. 

I can only say that none of the works to which 
Prof. Huxley refers, or appears to have in mind, 
gives me reason to believe that a ‘conclusive demon- 
stration’ of the fact that certain things can happen 
is necessarily proof that they have happened. A 
demonstration that Dr. Huxley might conceivably 
make a mistake is no proof that he has, in fact, done 
so. Nor does a feeling of disappointment in natural 
selection as a working hypothesis during the past 
hundred years prove that biologists—prominent or 
otherwise—are either vitalists or Lamarckian fellow- 
travellers. 

J. Gray 


Department of Zoology, 
University, Cambridge. 
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